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1. INTRODUCTION

The California Hzghway Design Manual (1} does not discuss acceleration
lanes for VEthlES turning either left or right onto four-lane or two-
lane highways. Some Caltrans districts do, however, provide
acceleration lanes. 2 research study was initiated "to determine‘if
acceleration lanes are needed for vehicles turning left or right from ,
€ross roads onto both four-lape and two-lane highways" (2). Part of the
justification was to "be consistent in the application of aceceleration

lanes so as to minimize exposure to tort liabilityn,

It would appear that there is a need for guidelines for acceleration
lanes as well as for guidelines for the appropriate dimensions of the
acceleration lanes. From discussions with Caltrans pPersonnel it was
concluded that the types of intersections where the greatest need for
guidelines currently exists, are rural four-leg intersections, with stop
control on two-lane cross roads, and where high speeds prevail on the

major road.

Based on the above, two specific objectives for this gstudy were

formulated:

{a) To determine guidelines for implementing acceleration lanes
for right- and left~turning traffic onto four-lane or two-
lane rural high-gspeed highways at four-leg stop-controlled

intersections.



() To determine the appropriate dimensions of the

acceleration lanes.

In order to achieve the cbjectives, a survey of existing practice as

well as an operational and a safety analysis was carried out.

The overall approach to the research is outlined in Chapter 2. A survey
of existing practice is presented in Chapter 3. The operational
analysis is described in Chapter 4 and the safety analysis is presented
in Chapter §. Chapter 6 contains a summary of major conclusions.
Guidelines for implementation are discussed in Chapter 7 and
recommendations are presented in Chapter 8, Examples of intersection
Iayouts,'obtained from New Hampshire, are contained in Appendix A and

details of the Level of Service analysis are contained in Appendix B.




2, RESEARCH APPROACH

be presented, Finally, the approach to developing guidelines for

implementation will be discussgeq.

2.1 Basic Study approach



The‘ideal approach to the operational and safety analysis would be to
measure the performance of an intersection without acceleration lanes;
measure the performance of the same intersection with an acceleration
lane and compare before and after performances. Several repetitions
wbuld be fequired for each type of intersection to make the results
statistically reliable. A similar result could be cbtained by comparing
the performance of intersections with acceleration lanes to the

performance of similar intersections without acceleration lanes.

Arspecific type of intersection would be defined by a set of values for
the following characteristics:
For both the major highway and the cross roads

- = divided versus undivided

- number of lanes

- desgign speed

- gradient

- lane, shoulder and median width

- traffic volume and composition

- turning volumes

- horizontal curve radii
Adjacent intersections:
- proximity of adjacent intersections

- types of adjacent intersections

The ideal approach was, however, infeasible since the available



resources did not allow for such an extensive experiment. It was
impossible to conduct before and after studies within the study period
and it was also impossible to conduct studies for similar sites with and
without acceleration lanes for all the possible different types of
intersections. The appropriate approach to this project therefore
became one of using the resources most effectively to attain the best
results. This entailed carrying out data collection only once at a2 site
representing one set of factors, limiting the number of characteristics
investigated and also limiting the range of values of the

characteristics,
2.2 Influencing Factors

Some of the factors that may influence the operational and safety
performance of an acceleration lane are listed in section 2.1. Because
of the limitation of resources and a lack of sites where the influence
of some factors could be measured, only the most relsvant factors and

intersection types were conszidered.

Based on discussions with Caltrans, undivided four-lane highways were
excluded from the study. The design speeds of the highways were not
explicitly taken into account, due to limited resources. This could
have been accomplished by comparing the performance of acceleration
lanes on highwayé with different design speeds. The design speeds were,

however, considered in discussions of the study results, where relevant.
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acceleration lengths required by trucks and buses are considered to be
unreasonably long for design purposes. The recommended taper lengths
are shown in table 3.5. They are based on a time of three and a half

seconds necessary to change lanes.

The 1965 Policy recommeﬁded lengths at a design speed of 40 mph are
iower than Case I but higher tﬁan case II of the 1954 value. At 2
design speed of 50 mph, the 1965 lengths are practically identical to
the Case I value of 1954. For design speeds of 60 and 70 mph the 19635
recommended lengths are greater than both cases in the 1954 Policy. It
is not apparent why the values changed since they were based on the same
abceleratiﬁn rates. .

ihe position on providing acceleration lanes at stop controlled
intersections is similar to that of the 1990 Policy. It is menktioned,
however, that drivers will make little use of an acceleration lane
although they utilize a short paved taperx. when traffic volumes are
rélatively iow, entering vehicles generally follow direct paths. Some
traffic enters the highway without utilizing a large part of the
_acceleration lane, although greater usage is obtained with higher
#olumes. Acceleration lanes are therefore provided not only to permit
increasing speed before enﬁering the through traffic lanes but also to
serve as maneuvering space SO that a driver can take advantage of an
opening in the adjacent stream of through traffic and move laterally
jnto it. For thig reason, as much of the speed-change facility as
rfeasible should be adjacent to and flush with the through pavement. No

_barriers such as curbs between lane and shoulder should exist that would
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make it difficult for a driver to continue on the shoulder if the

opening in through traffic does not materialize.

When volumes are high most vehicles generally make full use of the
acceleration lane. At the more important rural intersections where
speeds and volumes make acceleration lanes appropriate, it is
recomeended to design an above-minimum radius and a corner island plan
where the right turning entering traffic would be subject to yield sién

control.

According to the 1965 Policy, a speed change lane of uniform width

should not be less than 11 feet and preferably should be 12 feet wide.

The Caltrans Design Manuals

As stated in the introduction, the latest Caltrans Highway Désign Manual
(1) does not contain guidelines for the use of acceleration lanes.
Barlier manuals did contain guidelines.

The 1952 Manual {9) stated that "Except as stated below, speed change
lanes shall be provided for any individual turning movement when its

design hourly volume is 25 or more vehicles."

The exception noted for acceleration lanes was for median acceleration
lanes at signalized intersections. The recommended lengths are
pregsented in Table 3.5. It is also stated that "When the design hourly

volume of through traffic is more than 700 or more vehicles per lane,



TABLE 3.5: Caltrans Acceleration Lane Lengths (1952)

Highway Design Speed [V] MPH
. 40 50 60
' Average Speed of Travel [0.7V] 28 | 35 ' 42
Taper - Feet
Acceleration 180 | 240 | 270
Turning | Mmunum Acceleration Lane - Feet
Speed Curve Radius -——Incliding Taper—-
* (mph) fH)
20 100 180 410 750
30 © 200 180 240 510
40 400 180 240 270
50 600 e 240 270

23
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acceleration lane lengths shall be increased 300 ft. above the values

given.." A width of 12 ft. is recommended.

An amendment was made in 1957 to the recommended lengths. The amended
lengths are shown in Table 3.6. These lengths are comparable to those
used in later AASHTO Policies. If grades were steeper than four

percent, lengths were to be increased by 300 ft.

The 1959 Manual contained the same narrative as the 1952 Manual
regarding when an acceleration lane should be used and prbvided detailed '
guidelines for the taper design, but did not contain recommendations for

the length of the acceleration lane.
Other Publications

According to Jouzy and Michael (10), acceleration lane traffic had
little effect on the épeed of through traffic at interchanges‘with
acceleration lanes. "ht only & of the 28 acceleration and deceleration
lane locations studied was the difference between the 85th percentile
speed of the through lane traffic within the area of conflict and that
beyond the area of conflict statistically significant. At gome areas
where the speed effect was significant, other factors, such as a narrow
median or a horizontal curve, probably contributed to the changes in
speed”., They alsc reported that a higher percentage of drivers utilized
more length of the acceleration lane when "the acceleration lane met the
through lane on a right éurve, and less length of the acceleration lane

when it met on a left curve, than under the condition where the



TABLE 3.6: 1952 Caltrans Highway Design Manual Acceleration Lane Lengths
(As Amended, 1957)

Acceleration Lane, Including Taper (fi)

Minimum Curve
Radius (f¢) 100 200 400 650
Turning
Speed (m.p.h.) 20 30 40 50
Highway . Taper
Design Length
Speed (m.p.h.) (fe)
70 300 900 750 500 *
60 270 750 510 * *
50 240 410 * * *
0 180 * * * *

* Acceleration Lane length shall include the taper length plus the distance
required to move laterally from the widih at the inlet nose to a width of 12 feet

at the beginning of the taper.
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acceleration lane met the through lane on a tangent”.

Michael and Jouzy discovered that a large number of motorists apparently
do not know how to use acceleration lanes preperly. For the most
efficient and safest ope?ation of traffic they recommended that the
driving public be better informed on the proper use of acceleration

lanes.

Regarding taper length, Prisk ({1l) stated that an ".. average of 3.5 to
4.5 sec. is used by most drivers to get their vehicles from a low
running speed to the point of encroaching on the left lane". It is
important to note that these wehicles were operating at a "low" speed
and not accelerating from a stop condition. Prisk's paper was written
in 1941 and the éccelération characteristics of ﬁcday's vehicles could

be quite different than the vehicles of that era.

A study performed by Sawhill and Neuzil (12) stated that two~-way median
left-turn lanes can serve as acceleration lanes for vehicles turning
left onto arterial streets from minor streets and abutting properties.
They also found that the two way left turn lanes facilitated the
movement of the through traffic and provide a high degree of access
service, yet their use did not result in an increase in traffic

accidents.

Baker (13) used a similar approach to that followed in the AASHTO policies
to arrive at minimum lengths for acceleration lanes which reflect vehicular

speed and performance datd of 1970 conditions. Thesge lengths are shown in
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mable 3.7 for relatively flat grades. Recommended length adjustments where

grades equal or exceed three percent are shown in Table 3.8.

Reilly, Pfeffer, Michaels, Polus and Schoen (14) performed a study to
determine speed-change lanes for freeways. They developed a procedure
for determining the length of acceleration lanes which is based on the
speed at an intermediate point on the on-ramp. The procedure resulted
in.lengths gsignificantly greater than the AASHTO values. For
illustrative purposes, one of their example designs is presented in

Figure 3.1.

Median acceleratioﬁ lanes are briefly diséussed in an Institute of
Transportation Engineers informational Report (15). References are made
to studies by Van Winkle (16) and Blair (17). According to the report,
little information.exist on median acceleration lanes, but it mentions
that there is some evidence that the lanes improve traffic flow and

reduce accidents.

3.2 Survey of Practice in Other States

The cbjective of this survey was to review existing guidelines used by
other states and other jurisdictions for implementing acceleration lanes
for right-and left-turning traffic onto four-lane or two-lane rural

high-speed highways at four-leg stop-controlled intersections.

A request for information was sent to the transportation official

identified as the State Representative to the Transportation Research
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TABLE 3.7: Lengths of Speed Change Lanes, R.F. Baker, 1975

Design . Design Speed of Turning Roadwa
Sodsd of e e z
Highway | Stop 75 |24 | 20 |32 25| a0 3048 ) 35| 56| a0 6¢ |l as|r2)50] a0

mph § koh | Feat | Meters [mph {-kph 1 mph | kph | mph | kon | mps | ken Y mph | koh [mph | kph | mph Vigh [ mon | ken

Minimurm Deceleration Lans Lengths \ncluding Taper)?

40 | 641325 991 | 200 91.4] 275] a3.8] 50 7821 200 €10 "= - - - - - - -
S0 | 80|425 1285 { 400 |121.8] 375{1143| 350]106.7| 325] eo.1| 275| esml - - - - - -
60 { 97500 | 152.4 | 500 {1524 475 |144.8] 450|137.2] 425)1295] 400)121.9) 225] g9.1] 200) erai — -

70 | 1131600 { 1828|575 |175.3] 550 )167.5] 550}167.5] 525 te0.0| S00]i524] 425{120.5{ 4c0li121.9] 35071087
80 1125700 | 2134 | 675 [206.7| €50 198.3] 650|198.1] 600)i#2s| 575 [175.3| s525|160.0| 47s |1sas| 4501372

¥ ded Decalecation Lane Lengths linciuding Taper)®

40 | 414251295 | 400 [121.8]| 350]106.7] 325f e9.] zEof 782] — - - - - - - -
B0 | 805253 150.0 | 500 j152.4] 450 }137.2] 425{129.5] 375]|1143] 350{1068.7f =~ - - -
€0 } 971625 | 190.5 | €00 |182.9] 580 )167.6| S30)167.6| 500|452.4| 4s50[137.2] 42501208 400 |12 ] - -
70 | 113|725 | 2210 | 700 {213.4] 650 [198.1] 630198.1] €25[/190.5] 575|1753| 525{ 160.0] 475 144,81 459(137.2
BO {120 850 | 259.1 | 800 |243.8{ 775 |2352| 7s0f228.6] 725|221.0| 7oolz134] e2s5) 105! s7s 175.3] 55011676

Minimum Accalecation Lane Lengths Uncluding Tapert® i
40 | 84| -~ - 325 | g9.1| 250| 78.2] 225] E3E| - - - - - - -

S50 80} = - 700 12134 625 [190.5| €00]182.8) B00|152.4] 400)1218] = - - - - -
60 | 7| - = |1125 [342.2] 1075 [327.7| 1000 |304.8( -800{ 2743 200 [243.8| 60¢| 1829 400(121.8] -~ -
70 |113] — - 1550 |472.4| 1500 | 457.2] 1400 425,7| 1325 [402.9] 1225 | 373.41 1000) 304.8| 328 251.5] E7511753
80 [129] -~ - 1975 |§02.0 1900 | 579.1) 1825 | 856.2] 1750 | 553.4 1550 | s02.5| 1450 4420 1250 1381.0] 1000 | 304.8
Recommended Acceleration Lane Lengths (Including Taperi®
40 84| = - 425 1129.5| 325§ S9.1] 300 s14] - - - - - b - - - -
0 BO| ~ - S00 |274,3] BOO |243.8] 7752362 6€50(198.1] 525 }160.01 - - - - - -
&0 8y - - 1400 1426.7| 1300 [ 3962} 1250 { 381.0| 1125 [ 3429 1000 [304.8] 775[ 236.2| s25 16001 - -
TN - - 1875 [S71.8] 1778 | 841.0( 1725 | 525.8( 1650 | 502.9] 1500 | 4572.2) 1250( 381.0| 1000 30481 7502286
B8O |125%) — - 2375 |723.9| 2275 |693.4] 2200 | 670.6| 2100 }540.1] 1975 | 602.0] 1750| 533.24 [ 1500 457.2]| 1260 | 365.8
O ungehiz shaws nre fur mnintlvuly st grobe, "o 355 ar gionior prasdic, swijost on shaovets Dy Colshie 23 L,

For design speed [n mph, lengths shawn In teer; In koh, lungths shown in meters,
Souree: Medified Information for Minimum Length from AASHO Bluenaok, p. 3571 (Aef. 5). Recommended langths gre author's.
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TABLE 3.8: Speed Change Lane Length Adjustments for Grade, R.¥. Baker, 1975

MHighway
Design Speed Grad Multiplier Factor For Turning Raadway Desigr: Speed of:
rada,
mph koh % 20 mph 32 kph J0 mph 48 kph 20 mph B4 kph £0.mph 80 kgk
40 64 |+3w<+s 130 130 135 1.35 - - - -
- Qver +5 1.50 1.50 1.55 1.88 -— - - -
F<=-5 0.70 0.70 070 ¥ Q.70 -— -— - -
* Qver-5 060 0.60 060 0.60 - —_ - -
50 &0 3 to<<+5 138 1.35 140 1.50 145 145 - -
. Over +5 155 155 1.70 1.70 190 | 1.90 - -
~Fo<-5 063 0.65 055 0.65 0.85 Q55 - -
.. Qver =5 - 058 Q.55 0.55 Q.55 0.55 .55 - -
60 | 97 +310<+5 1.40 1.40 .50 1.50: 1.50 155 150 1.60
Over +5 170 1.70 1.90 190 220 2.20 2.50 250
“3w<-5 0,60 0.EQ 0,60 o.8C 0.50 0.60 Q.60 0.60
Cver -5 0.50 0.50 0.50 Q.50 50 850 Q.50 050
70 13 3 to<+5 150 1.50 1.60 1.60 + 1.70 1.70 1.80 .80
Qver +5 2.00 2.00 2.20 2.20 2.60 260 3.00 3.00
-3 to< -5 0.60 0.60 060 Q.60 0.60 0,60 0.69 0.560
, ) Qver -5 0.50 0.50 0.50 ‘050 0.50 0.50 0.50 a.50
80 129 +Ito<+5 1.60 1.60 .70 .70 1.85 1.85 200 2.00
Over +5 220 229 ‘245~ ™ 245 2.95 285 350 - --3.50
=3 to<~5 . 055 . 0.55 0.58 0.55 0.55 -0.55 0.55 0.55
* Over =5 0.50 0,50 0.50 0.50" 0.50 0.50. 0.50 0.50
- Deceleration Lanes
~an Al | +3w<es 0.90 + g ’ 090
Qvar +5 0.80 «+ 080
~Jto<-5 1.20 + 1.20
Qver =5 1.35 + 1.35

. -Sarea:, Dat pardalty derived fram AASHO Blushook, p. 352. (Ref. 5)
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Board in each of the states for which standards were not available and
to the Transportation Research Board Representatives for Puerte Rico and

Washington D.C.

Aléhough this research is not directed at acceleration lanes at
interchanges, it was felt that standards for these could also be
heipful. For this reason, the request for information was made for
sténdards for acceleration lanes at intersections as well as

acceleration lanes at interchanges.

Regponses

Thé'responses are summarized in Table 3.9. 8Several of the thirty-four
respondents, either in their letter of correspondence or in the
1i£erature they sent, made reference to one or more of the 1990 and 1984
editions of RASHTO's A Policy on Geometric Design of Highways and
Streets (4) and AASHO's 1965 A Policy on Geometric Design of Rural

Highways (8).

Twenty~two specifically included some type of standard for acceleration
lanes at interchanges and six have specific guidelines for acceleration

lanes at intersections.

The states that have no standards for the use of acceleration lanes at
intersections on rural highways are: Arizona, Iowa (for two-lane roads),
Maine, Massachusetts, Michigan, Minnesota, New York, Ohio and

Pennsylwvania.

31



TABLE 3.9: Response to Request for Standards

32

Incloded Included Other Requested
Name of State " Standards for Standards for Published Final Copy
States Responded Accel. Lanes @ Accel. Lanes @ Standards of this
Intersections Interchanges Referenced Report

Alabama
Alaska Y N Y none
Arizona Y N N none Y
Arkansas Y N Y none
Colorado Y Y Y none
Connecticut
Delaware
District of
Columbia
Florida Y Y Y AASHTO
Georgia
Hawail
Idzho Y N Y AASHTO Green Book, 90
Tllinois Y N N AASHTO Green Book, "84
Indiana Y N Driveway Stds AASHTO Green Book, "84
lowa Y N Y AASHTO Green Bock, 20
Kansas Y Ri. Tum Lanes Y AASHTO Y
Kentucky Y N N AASHTQ Green Book
Louisiana
Maine Y N Y none
Maryland Y N N AASHTO Y
Massachusetts Y N N none
Michigan Y N Y none
Minnesota | Y N Y none
Missouri Y N Y AASHTO Green Book
Montana Y N Y AASHTO Green Book, 90
Nebraska Y N N none -
Nevada
New Hampshire Y N Y none
New Jersey
New Mexico
New York Y N Y 65 AASHO Policy on Geometric

Desigm of Rural Highways
North Carolina Y N Y none
North Dakota
Ohio Y N Y none
Oklahoma
Oregon Y N Y AASHTO Y
Pennsylvania Y N Y none
Puerto Rico
Rhode Istand Y N N AASHTO
South Carolina Y N N AASHTO Green Book Y
South Dakota
‘Tennessee Y N N AASHTO Green Book
Texas Y N N none
Utah
Vermont
Virginia Y N Y AASHTO Green Book, '84
Washington Y Rt Turn Lanes Y AASHTO Gresn Book; HCM
West Virginia Y N Y AASHTO
Wisconsin Y Rt. Turn Lanes Y AASHTO Green Book
Wyoming Y N N AASHTO Green Book, 90 Y
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,

Massachusetts’ documentation describes the reason for not having

standards for these acceleration lanes:

"The Commonwealth of Massachusetts does not use acceleration lanes
for right ‘and left turning traffic on two and four lane rural
highways at four-leg stop-controlled intersections. These
acceleration lanes would serve right turning traffic fairly well;
however, pﬁeaently right turning traffic picks gaps in the

oncoming traffic which allows theﬁ to accelerate without impacting

the traffic flow.

Left turning traffic would have to cross traffic approaching from
both-the right and left directions to enter the acceleration lane.
Ip most cases now, the left turning traffic crosses the left

approaching traffic, while picking a suitable gap for accelerating

into the right approaching flow.

Drivers are usually able to merge into traffic in this manner
since these are rural roads and as such they have the necessary
‘gaps in traffic flow to allow this movement. Where conflicts are

insurmountable, signal control is generally preferred.”

i

Texas verbally responded that the shoulder is sometimes utilized for

acceleration purposes by right turning traffic.

The states that mention some use of acceleration lanes but do not



provide any specific reference to standards of acceleration lanes at
intersections on rural highways are: Arkansas, Illinois, Iowa, Kansas,
Maryland, Nebraska, North Carclina, Rhode Island and Virginia. Arkansas
and Virginia do not typically'provide acceleration lanes. Illinois does
not utilize acceleration lanes at stop-controlled intersections. Iowa
does not endorse the use of acceleration lanes but allows them on foﬁr—

lane roads.

Kansasg will not provide an acceleration lane at an intersection unless a

34

special situation permits a free right turning movement. 1In such a casge
A

an acceleration lane could be considered appropriate. Maryland will not
normally use an acceleration lane at an intersection unless there is a
channelized right turn. In the event of providing a channelized right

turn, an aeceleration lane is generally provided.

Nebraska will not generally build an acceleration lane at a stop-
controlled intersection except when the acceleration lane becomes part

of an auxiliary lane.

The reasoning for not normally using acceleration lanes at intersections

is illustrated by the comments received from North Carolina:

"It is felt that motorists require excessively long acceleration
lanes at stop~controlled intersections. Moreover, as development
occurs near the intersection, such acceleration lanes create

inadeguate weaving areas."



- ————————— e memm e b L

Rhode Island does not use acceleration lanes at stop-controlled

intersections but only on high speed facilities (greater than 35 mph).

The states that follow AASHTO guidelines are: Idaho, Indiana, Kentucky,
Missouri, Montana, Oregon, South Caroclina, Tennessee, West Virginia, and

Wyoming. Wyoming provided the following response:

"Wyoming Department of Transportation is currently using the 1990
Policy on Geometric Design of Highways and Streets (Green Book).
We use table X-4 [See attachment A] Minimum Acceleration Length
for entrance with flat grade of 2 percent or less page 986 on four

lane or two lane rural highways at stop controlled intersections.

The state of.Wyoming has low traffic counts on most of the rural
highways and does not have their own standards for acceleration
lanes on rural highways. The drivers in Wyoming usually wait for
a gap to accelerate at right and left turns on rural highways.

The district traffic engineers have recommended acceleration lanes

at intersections where they deemed necessary because of safety.”

' Phe six states that have standards for acceleration lanes at

intersections are: Alaska, Colorado, Florida, New Hampshire, Washington
and Wisconsin. Alaska provided warrants for acceleration lanes in urban
areas only. A summary of the specific guidelines for acceleration lanes

at rural intersections which were provided, follow:

35
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Colorado

The State Highﬁay Access Code for the state was provided. This code
gives warrants for the use of acceleration lanes for right turning
vehicles at intersections. Their necessity is determined by the use of
graphs of the average peak hour volume of vehicles turning onto the
through'road versus the volume of traffic per single lane of the through

road (see Figure 3.2).

Guidelines for lane length, taper design and grade adjustment are also
given. The lengths correspond to those recommended in the 1990 AASHTO
Policy except that the posted .speed is substituted for the design spéed.
The recommended taper ratios and grade adjustments are provided in Table

3.10. -

Detailed guidelines for acceleration lanes for left turning traffic were
not provided. If the warrants provided in Figure 3.2 are met and the
posted speed is above 40 mph, then the acceleration lanes may be

provided.

The recommended width of an acceleration lane is 12 ft. and should not

be less than a minimum of 10 f£t.
Florida

Extracts from the Florida Department of Transportation road design

standards were received. The literature makes reference to AASHTO's A
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FIGURE 3.2: Colorado Acceleration Lane Guidelines
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acceleration lane lengths shall be increased 300 ft. above the values

given.." A width of 12 ft. is recommended.

An amendment was made in 1957 to the recommended lengths. The amended
leggths are shown in Table 3.6. These lengths are comparable to those
used in later AASHTO Policies. If grades were steeper than four

percent, lengths were to be increased by 360 ft.

The 1959 Manual contained.the game narrative as.the 1952 Manual
regarding when an acceleration lane should be used and provided detailed
guidelines for the taper design, but did not contain recommendations for

the length of the acceleration lane.
Other Publications

According to Jouzy and Michael (10), acceleration lane traffic had
little effect on the speed of through traffic at interchanges with
acceleration lanes. “at.only 8 of the 28 acceleration and deceleration
lane locaticns studied was the difference between the 85th percentile
speed of the through lane traffic within the area of conflict and that
beyond the area of éonflict statistically significant. At some areas
where the speed effect was significant, other factors, such as a narrow
median or a horizontal curve, probably gontributed to the changes in
speed”. They also reported that a higher percentage of drivers utilized
more length of the acceleratioﬁ lane when "the acceleration lane met the
through lane on a right curve, and less 1ength of the acceleration lane

when it met on a left curve, than under the condition where the
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TABLE 3.6: 1952 Caltraﬁs Highway Design Manual Acceleration Lane Lengths
(As Amended, 1957)

Acceleration Lane, Including Taper (ft)

Minimum Curve !
Radius (ft) 100 200 400 630
Turning
Speed (m.p.h.) 20 30 40 50
Highway Taper '
Design Length
Speed (m.p.h.) (13]
70 300 900 750 500 *
60 270 750 510 * *
50 240 410 * * *
40 180 - - + *

* Acceleration Lane length shall include the taper length plus the distance
required to move lateraily from the width at the inlet nose to a width of 12 feet

at the beginning of the taper.
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acceleration lane met the through lane on a tangent”.

Michael and Jouzy discovéred that a large number of motorists apparently
do not know how to use acceleration lanes properly. For the most
efficient and safesﬁ operation of traffic they recommended that the
driving public be better informed on the proper use of acceleration

lanes.

Rééarding taper length; Prisk (11) stated that an ".. average of 3.5 to
4.5 sec. is used by most drivers to get their vehicles from a low
running speed to the point of encroaching on the left lane". Tt is
iﬁbortant to note that these vehicles were operating at a "low" speed
énd not accelerating from a stop condition. Prisk's paper was written
i55194i and the ;cceleration characteristics of foday's vehicles could

be quite different than the vehicles of that era.

A study performed by Sawhill and Neuzil (12) stated that two-way median
left-turn lanes can serve as acceleration lanes for vehicles turning
‘left onto arterial streets from minor streets and abutting properties.
They also found that the two way left turn lanes facilitated the
mo#ement of the through traffic and provide a high degree of access
service, yet their use did not result in an increase in traffic

accidents.

Baker (13) used a similar approach to that followed in the AASHTO policies
to arrive at minimum lengths for acceleration lanes which reflect vehicular

speed and performance data of 1970 conditions. These lengths are shown in
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Table 3.7 for relatively flat grades. Recommended length adjustments where

grades egual or exceed three percent are shown in Table 3.8.

Reilly, Pfeffer, Michaels, Polus and Schoen (14) performed a study to
determine speed-change lanes for freeways. They developed a procedure
for determining the length of acceleration lanes which is based on the
speed-at an intermediate point on the on-ramp. The procedure resulted
in lengths significantly greater than the AASHTO values. For
illustrative purposes, one of their example designs is presented in

Figure 3.1.

Median acceleration lanes are,briefly diséussed in an Institute of
Transportation Engineers informational Repcort (15). References are made
to studies by Van Winkle (16) and Blair (17). According to the report,
little information exist on median acceleration lanes, but it mentions
that there is some evidence that the lanes improve traffic flow and

reduce accidents.
3.2 Survey of Practice in Other States

The objective of this survey was to review existing guidelines used by
other states and other jurisdictions for implementing acceleration lanes
for right-and left-turning traffic onto four-lane or two-lane rural

high-speed highways at four-leg stop-controlled intersections.

A request for information was sent to the transportation official

identified as the State Representative teo the Transportation Research



TABLE 3.7: Lengths of Speed Change Lanes, R.F. Baker, 1975

28

Design Desiqn Speed of Turning Road
Speed of iqn S g way
Highway | S8 |45 4 | s6 [ 40| s¢ 72 80
mph | kph | Feat | Metars |\ mph kph 1 mph | kph™'mph | kph keh kol
Minimum Decaleration Lane Lengths Uneluding Taper)®
40 64325 ©99.1 | 300 3] - - - - -
18] 8031425 [ 1295 | 400 83.1 838| - - - -
-a] 97§ 300 152.4- soa 129.5 121.9] 225; 931 214 -
70 | 113600 | 1829 [ 575 160.0 1524 4265|1295 1218 106.7
80 |129| 700 | 213.4 | 675 1829 175.3| 525(160.0 154.8 137.2
Recommendad Deceleration Lane Lengths lIncluding Taper)®
40 641425 ] 129.5 | 400 76.2 - -— - - -
50 80| 525 | 150.0 | 500 1143 1068.7] - - - -
&80 897|625 | 190.5 | €00 -152.4 137.2] 4285|1295 1218 -
70 }113}725 ) 221.0 | 700 190.5 1753} 525] 160.0 144.8 137.2
80 1129 830 | 252.1 | 800 2210 2134| 625] 1905 1753 1676
Minimum Acceleration Lane Leagths \Iacluding Tapert?
40 B4f - - 325 - - _— - - -
€0 8a| - - 700 1524 8| - - - -
62 | 97] - = 11258 2143 243.8| &00{ 1829 1219 -
0§13 — - |is50 40348 | 1225 [372.4] 1000 | 304.8 2515 175.3
a0 [129| — - 1975 5531.4| 1850 | 502.9] 1450] 442.0 381.0 304.8
Recommended Acceleration Lane Lengths {Including Tapert®
40 | 64] = | = | 428 - - f =] = - -
so | 8] — | — | e00 198.1 1600] - | - - -
60 | 97| = | -~ [1400 342.9| 1000 |304.8] 775| 2382 180.0 -
- 70 [ 113] - - 1875 502.9 1500 | 457.2| 1250] 381.0 304.8 2286
8 j128) — - n7s 640,11 1975 | 602.0| 1750( 533.4 4572 365.8

B arngpu i, shusy e bier sslatbeaty it gesshe, Por 255 as groaiue giede, mljnst m e e Coliiu 8 b,
"’For dezign 1peed in mph, langths thaown n faat; in kph, lungths shawn in meters,

Saurce: Modilisd Information for Minimum Length from AASHO Biushook, p. 357 (Ral. 5. Recommaended lengths are author's.




TABLE 3.8: Speed Change Lane Length Adjustments for Grade, R.F. Baker, 1975

’ Highway
Design Speag Gradt Multiplier Factor For Tuming Roadway Design Spead of:
4, ——
mph kpl % 20 mph 32 kpk 20 mph 48 kok 48 mph &4 kph 50 mph , 80 kph
40 64 | 43w <45 1.30 130 135 135 - - - -
: Over +5 1.50 1.50 155 1.55 - - - -
~Jto< -5 0.70 a.7¢ Q.70 0.7 - - - -
" Quer=5 0.60 0.80 060 0.60 - - — -
50 80 +3t0<+5 135 1.35 1.40 L. 1.40 1.45 145 -~ -
. COver +5 1.55 1.55 1.70 1.70 1.90 1.80 - -
-Jto<-5 085 0865 0.65 0.65 0.65 065 - -
« . ] QOver-s Tass 0.55 C.55 0..55 0.55 0.55 - -
50 g7 B to<+5 1.40 140 1.50 1.50 1.50 155 1.60 1.80
Over 45 1.70 170 1.80 150 220 2.20 2.50 250
=3 te<-5 0.60 0.50 0.60 080 0.60 0.80 0.50 060
Over =5 4.50 0.50 0.50 0.50 _U.EO .e.50 0.50 0.5Q
0 113 +3 10 <+5 1.50 1.50 1.50 .60 « 1.70 1.70 1.80 180
Cver 45 2.00 200 2.20 220 280 2.6Q 3.00 3.00
-3to< -5 0.60 0.60 0,60 -0.60 .60 0.60 0.50 080
. Cver -5 .50 0.50 0.50 ' 0.50 Q.50 0.50 0.50 0.50
80 123 | *3to<+5 150 1860 .70 L70 1.8% 1.35 2.00 200
’ Over +5 2.20 220 245 [ 245 - 2,95 2.95. 3.850 |- --2580
~3to<=5 . 055 . 0.55 0.55 0.55 0.55 ‘0,55 " 0,55 .55
* Qwer -5 a.50 0.50 0.50 o.50-- 0.50_ 0.50. n.50 0.50
- Deceleration Lanss ’
All Al +2to <45 0.90 - —‘—— 090
. Ovar +5 0.80 - —]* 080
=3 to < ~5 .20 I T 1.20
- 3
Over -5 1.35 i i - - 1.35

. - Sourse:, Data'partially durived from AASHO Blusbook, . 952, (Ref. 5) e . . L
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Board in each of the states for which gtandards were not available and
to the Transportation Research Board Representatives for Puerto Rico and

Washingten D.C.

Although this research is not directed at acceleration lanes at
interchanges, it was felt that standards for these could alsoc be
helpful. For this reason, the request for information was ﬁade for
gstandards for acceleration lanes at intersections as well as

acceleration lanes at interchanges.

Resgponses

The responses are summarized in Table 3.9. Several of the thirty-four
respondents, either in their letter of correspondence oOr in the
1iterature they sent, made.reference to one or more of the 1990 and 1984
editions of BASHTO's A Policy on Geometric Design of Highways and
Streets (4) and AASHO's 1965 A Policy on geometric Design of Rural

Highways {8)-

Twenty-two gpecifically included some type of gtandard for acceleration
l1anes at interchanges and gix have specific guidelines for acceleration

lanes at intersections.

The states that have no standards for the use of acceleration lanes at
intersections on rural highways are: arizcna, lowa (for two-lane roads),
Maine, Massachusetts, Michigan, Minnescta, New vYork, Ohio and

Pennsylvania.
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TABLE 3.9: Response to Request for Standards
| Included Included Cther Requested
Name of State | Stendards for Standards for Published Final Copy
States Responded |~ Accel Lanes @ Accel. Lanes @ Standards of this
|~ Intersections Interchanges Referenced Report
Alabama [
Alaska Y ! N | Y mone
Arizopa Y | N | N none Y
Arkansas Y | N Y none
Colorado Y { Y Y none
Connecticut |
Delaware |
District of [
Colizubia |
Florida Y Y Y AASHTO
Georgia
Hawaii
Idaho Y N Y AASHTO Green Book, 90
llinojs Y N N AASHTO Green Book, '84
Indizna Y N Driveway Stds AASHTO Green Book, '24
Towa Y N Y AASHTO Green Book, 90
Kansag Y Rt. Turn Lanes Y AASHTO Y
Kemucky Y N N AASHTO Green Book
Maine Y N Y none
Maryland Y N N AASHTO Y
Massachusetts Y N N none
Michigan Y N Y none
Minnesota Y N Y none
Mississippi
. |Missouri Y N Y AASHTO Green Book
Montana Y N Y AASHTO Green Book, 'S¢
Nebraska Y N N fione
Nevads
New Hampshire Y N Y none
New Jersey | :
New Mexico !
New York Y ] N Y 65 AASHO Policy on Geometric |
| Design of Rural Highways |
North Carolina Y N Y none
North Dakata
Ohio Y N Y nope
Oklahoma
Oregon Y N Y AASHTO ! Y
Pennsytvania Y N Y none |
Puerto Rico ‘ |
Rhode Island Y N N AASHTO
South Carolina Y N N AASHTO Green Book Y
South Dakota
Temmessee Y N N AASHTO Green Back
Texas Y N N tone
Utah
Vermont
Virginia Y N Y AASHTO Green Bodk, '84
Washington Y Rt. Tum Lanes Y AASHTO Gresn Book; HCM
West Virginia Y N Y AASHTO
Wisconsin Y Bt, Turn Lanes Y AASHTO Green Book
Wyoming Y N N AASHTO Green Book, 90 Y
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[

Massachusetts' documentation describes the reason for not having

standards for these acceleration lanes:

"The Commonwealth of Massachusetts does not use acceleration lanes
for right and left turning traffic on two and four lane rural
highways at four-leg stop-controlled intersections. These
acceleration lanes would serve right turning traffic fairly well;

' however, presently right turning traffic picks gaps in the
oncoming traffic.which allows them to accelerate without impacting

the traffic flow.

left turning traffic would have to cross traffic approaching from
both-the right and left directions to enter the acceleration lane.
In most cases now, the left turning traffié crosses the left

approaching traffic, while picking a suitable gap for accelerating

into the right approaching flow.

Drivers are usually able to merge into traffic in this manner
since these are rural roads and as such they have the necessary
gaps in traffic flow to allow this movement. Where conflicts are

insurmountable, signal control is generally preferred.”

Texas verbally responded that the shoulder is sometimes utilized for

acceleration purposes by right turning traffic.

The gtates that mention some use of acceleration lanes but do not
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ﬁrovide dny specific reference to standards of acceleration lanes at
intersections on rural highways are: Arkansas, Illinois, Iowa, Kansas,
Maryland, Nebraska, North Carolina, Rhode Island and Virginia. Arkansas
and Virginia do not typically provide acceleration lanes. Illinois does
not utilize acceleration lanes at stop-controlled intersections. Iowa
does not endorse the use 6f acceleration lanes but allows them on four-

lane roads.

Ransas will not provide an acceleration lane at an intersection unless a
special situation permits a free right turning movement. 1In such a case
an acceleration lane could be considered appropriate. Maryland will not
normally use an acceleration lane at an iﬁtersection unless there is a
channelized right‘turn. In the event of providing a channelized right

turn, an aeceleration lane is generally provided.

Nebraska will not generally build an acceleration lane at a stop-
controlled intersection except when the acceleration lane becomes part

of an auxiliary lane.

The reasoning for not normally using acceleration lanes at intersections

is illustrated by the comments received from North Carolina:

"It is felt that motorists require excessively long acceleration
lanes at stop-controlled intersections. Moreover, as development
occurs near the intersection, such acceleration lanes create

inadequate weaving areas."
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not,provided.
osted speed is apbove a0 nphs then‘th
prov;ded.
The recommended wideh of an acceleration jane 18 12 ft- and should not
pe less rhan 2 minimon of 10 £E.
Flor;da
gxtract® from the Florida Department of Transportation road design
The literature makes reference to ABSHTO
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Policy on Geometric Design of Highways and Streets.

The literature recommends that "any street or highway with a large
percentage of truck traffic should be considered for acceleration lane

entrances.”

Recommended design lengths and adjustments for grades for spéed change
lanes was included, which igs identical to the lengths recommended in the
1965 AASHTO Policy. The values for taper length also correspends to the
1965 AASHTO policy values. It is recommended that the merging taper be
on a 50:1 transition but the length shall not be less than that set

forth in the 1965 AASHTO Policy.

Lanes shouid be 12 ft. wide and not less than 10 ft. Streets and
highways with significant truck traffic should have 12 feet wide traffic

lanes.
New Hampshire

According to the documentation received, New Hampshire provides for

acceleration in the following way:

"Our standard treatment at stop controlled rural intersections is
to provide an additional 10'-of travelway through the intersection
(or stripe out existing 10' shoulder) and guide right turning
traffic into travelway along a 10:1 taper (100'). In cases where

the right turning volume is very heavy and this movement needs to



remain free flowing, a layout similar to Figure 1.D may be
employed with the taper rate dependent on degign speed and site

rate dependent on design speed and site constraints.™

The included Figure 1.D (see Appendix A) shows the preferred layout.
Additional intersection layouts provided by New Hampshire are also

provided in Appendix A.
Washington

Eiﬁerpts from the Washington State Design Mamual were received.
Guidelines for design are provided for right turn acceleration lanes for
turning traffic with design speeds of less than 20 mph. The values for
lengths, adjustments for grade, taper and width are similar to the 1590
AASHTO Policy for interchanges. For turning traffic design speeds in

excess of 20 mph, the acceleration lane should be designed as a ramp.
Wisconsin

Standard drawings of "At-Grade Side Road Intersections" were provided.
These drawings illustrated four types of T-intersections. Acceleration
lanes are not shown, but dimensions for a taper for right turning

traffic are provided.

When current traffic volumes exceed 2500 ADT on the through highway and
1000 ADT on the side road, a 100 foot taper length (converging over a

width of 12 feet) that could serve as the acceleration taper for right
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turning vehicles should be provided. When current traffic volumes on
both the through highway and the side road exceed 100 ADT and the sum of
both exceeds 1250 ADT, & taper of 100 feet (converging over a width of

ten feet) should be provided.

At intersections not meeting warrants an acceleration taper of 10W feet
(converging over a width of W feet) should be provided. T"W" is equal to

either the shoulder width or & minimum of 5 ft.

3.3 Survey of Practice in caltrans Districts

All Caltrans districts were contacted for the purpose of obtaining
guidelines used for the deaign of acceleration lanes. Information was
obtained from most districts through personal interviews, telephonic

conversations and when requested, through correspondence.

Summary of Results

None of the districts responding had specific guidelines for the use of
acceleration lanes. Nevertheless, there appears to be some design
practices that are noteworthy. These appear to be more developed for
four-lane roads than for two—lane roads. The major issues and points of
interest that emerged from the survey follow:

{(a) Appropriate Use

It was ascertained that gseveral districts have utilized acceleration



" lanes at stop controlled intersections. Acceleration lanes existed in

Districts 1,2,3,4,5,7,9 and 11.

It appeared that the districts considered the use of acceleration lanes
on a case by case basis, Some instances of use, however, are

noteworthy.

TIn District 9, most of the 1eft_turn acceleration lanes occur at "T@
intersections. In bistrict 5, short left turn acceleration lanes were
created by striping the "bulb" area remaining from the widening of the
:road for the median +uarn lane on the main line, ﬁt the opposite gide of
the intersection, as an acceleration lane. The district observes the
traffic turning left into these areas and if these areas are
consistently used‘for acceleration, they may be striped as acceleration

lanes.

District 4 uses the term “refﬁge“ area instead of acceleration lane for
the lowerx standard.median acceleration lanes. The reason for this is

that these short lanes do not provide adequate distance for acceleration
but allow for the left turning vehicle to wait for an appropriate gap in

the major road flow to permit them to enter the through lane.

Some Caltrans districts have reservations about Providing acceleration
lanes on two-lane rural roads. District 2 does not, as a matter of
policy, actively create acceleration lanes for two-lane roads unless
space is available. In Districts & and 5 it is believed that the use of

acceleration lanes on two-lane roads does not decrease potential
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conflicts, rather the locations of botential conflickts are simply moved.

(b)  Length

Length is often governed by what is available. In District 1 the
typical length ranges between 500 and 1000 ft. and could be longer if
Space and cost were not factors for both right turn and left turn

acceleration lanes.

Districts 4 and 7 referred to the standard entrance ramp for freeways,
without an auxiliary lane, in the California Highway Design Manual as

having the desired lengths for acceleration lane design.

(¢) Shoulder and Lane Width

The width of an acceleration lane should be the standard lane width of
12 feet or a minimum of 10 feet. In District 8, wide shoulders (8 ft.)
are congidered advantageous, since right turning vehicles often use the

shoulder for acceleration purposes.
{=3] Taper
District 3 uses as a rule of thumb the taper rate being the inverse of

the speed in mph. For example, if the speed is 50 mph, then the taper

rate is 1:50.



(é) Safety

2 minimum safety index value of 200 is required to make any improvement

on a highway classified as a safety project.

1

(é) Driver Behavior

In some districts it is felt that most drivers do not know how to use

acceleration lanes. District 11 is trying to get away from the use of

44

acceleration lanes because of the drivers' difficulty in using them. In

the case of right turn acceleraticn ianes, it may be more difficult for
drivers to look to the left and rear when merging, than looking to the

left only in the absence of an acceleration lane.

Districts 1, 4, 5, 8, and 11 all stated that there are some operational
difficulties with acceleration lanes. Acceleration lanes are felt not
to remove conflicts but simply move them. Drivers on the acceleration

lane and on the main line have difficulty with them.

3.4 Summary of Major Conclusions

A summary of major conclusions, based on the 1iterature review, survey

of practice in other states and Caltrans, follows:

i. The 1990 AASHTO Policy k4) does not have definitive guidelines on
when to recommend the use of acceleration lanes and addresses

primarily acceleration lanes for right turning vehicles. The sane
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lengths and taper lengths as those used for acceleration lanes at

interchanges are recommended.

The lengths recommended for acceleration lanes in the 1990 AASHTO
Policy are based on the same passenger car characteristics as used
in the 1965 and 1954 policies, although new acceleration
characteristics are presented in the 1990 Policy. Aececording to
the 1965 Policy, the acceleration lengths for trucks and buses a?e

considered to be unreasonably long for design purposes.

The behavior of drivers in acceleration lanes is described in the
1965 AASHTO Policy. Drivers will make little use of an
acceleration lane although they utilize a short paved taper. When
traffic volumes are relatively low, entefing vehicles generally
follow direct paths. Some traffic enters the highway without

utilizing a large part of the acceleration lane, although greater

" usage is obtained with higher volumes. vAcceleration lanes are

therefore provided not only to permit increasing speed before
entering the through traffic lanes but also to serve as
maneuvering space so that a driver can take advantage of an
opening in the adjacent stream of through traffic and move

laterally into it.

When volumes are high most vehicles generally make full use of the
acceleration lane.” At the more important rural intersections
where speeds and volumes make acceleration lanes appropriate, it

is recommended to design an above-minimum radius and a corner
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island plan where the right turning entering traffic would be

subject to yield sign control.

The Caltrans Highway Design Manual of 1990 (1) does not contain
guidelines for acceleration lanes. The latest design manuals that
contained comprehensive guidelines was the 1952 manual. When any
individual turning movement had a design hourly volume of 25 or
more vehicles, acceleration lanes had to be provided. The lengths
of the acceleration lanes (as amended in 1957) were comparable to

the AASHTO lengths. The recommended width was 12 f£t.

Besides for the AASHTO policies, few other documents exist which
discuss acceleration lanes. From these documents, the following

are the major relevant conclusions that can be made:

° Acceleration lanes do not affect the speeds of through
traffic.

° Motorists do not know how to use acceleration lanes
effectively.

@ Two-way median left turn lanes can be used as acceleration

lanes without increasing accidents.

According to the literature, the length of an acceleration lane
(mostly discussed for freeway on-ramps) can be based on three
factors in combination: the speed at which drivers merge with
through traffic, the speed at which drivers enter the acceleration

lanes and the layout of the acceleration lane. Adjustment of the
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length should be made for grade changes. Values contained in the

1990 AASHTO Policy (4) are shown in Tables 3.1 and 3.2.

Figure 3.3 contains a representation of recommendations for the
acceleration lane length from four different sources for a highway
design speed of 70 mph. These wvalues are all taken from
discussions of intersection design. The lengths based on the 1990

AASHTO acceleration rates for passenger cars are also provided.

Most of the states that responded to the sutvey had standards

related to the 1990 or 1565 AASHTO Policies,

Coleorado has volume warrants for acceleration lanes. The warrant
takes into accouﬁt a combination of major highway and turning
vehicle design hour volumes. For example, for a posted speed of
40 mph and a turning volume of 45 vph or for posted speeds of 40
té 45 mph and a turning volume of 30 vph, the warrant is met.
Wisconsin also has volume warrants, but only for tapered

entrances, which have no full-width acceleration lanes.

Some states do not use acceleration lanes. Examples of their
reasong include that the length required is too long and signals
provide a better solution if through traffic does not allow for

adeqgquate gaps.

The practice of implementing acceleration lanes varies for the

different Caltrans districts. Both long and short lanes are used
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for left and right turning traffic. Short lanes act as a refuge

and longer lanes (up to 1000 ft.) are provided for acceleration.

11. Acceleration lanes of uniform width should be preferably 12 feet

wide and a minimum of 10 ft.

&




‘4. OPERATIONAL ANALYSIS
The cbjectives of the operational analysis were:

(a) To determine guidelines for deciding when to implement
acceleration lanes and
(b} . To determine the appropriate length of the acceleration

lanes.
The operational analysis consisted of several parts:

{a) An analysis of delay;

{b) An analysis of mefging characteristics;
{c) A conflict analysis;

(d) A speed study and

(e) A level of gervice analysis.

The delay, merging characteristics and conflict analyses were all based
- on video data. Speeds were analyzed from data collected with a radar
gun, while the level of service (L0S) analysis was carried out using the

methodology outlined in the Highway Capacity Manual (HCM) (3).

Iﬁ the following sections, the site selection for the operational
analysis will be described, followed by a description of the basic
approach to the data collection. Next, the data reduction methods and
results of the delay, ﬁerging characteristica, conflict, speed and LOS

analyses will be presented.
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4.1 site selection

it was originally planned to select gixteen gites for videotaping- The

site categories were as follows:

° Four-lane divided, high craffic volume, wide median

@ Four-lane divided, high rraffic yolume, narrow median
e Four—lane divided, low rraffic volume, wide median

@ Fodr-lane divided, low eraffic volume, nartow median
° Two—lane; high rraffic volume

e Two—lane, low graffic wolume

In the four—lane divided categories: four sites with acceleration lanes
for rightﬂturning traffic and four sites with acceleration 1anes for
left—turning craffic were to be aselected: while in the two-lané
categories, rwo sites with acceleration ianes for right turning traffic
were to be jncluded. B control site (without acceleration 1anes) was to

be selected in each categor¥-.

The choices of sites:r with regard to the length of the acceleration
iane, were to be left antil an assessment of available gites could be

made.

since the caltrans highway inventory and records 4o not allow for the
identification of intersections with acceleration lanes, candidate gites

were selected through contact with the caltrans digtricts and by



Four~1ane divided, wide median, high Standarg acceleration

lane

° Four-lane divided, wide median, jo Standarg acceleration
lane

° Pour-lsne divided, narrow median, high Standarg acceleration )
lane

° Fournlane divided; nNarroy median, low Standarg acceleration
lane

@ - Two lane, high standarqg acceleratigp lane

° Two~lane, low standarqg acceleratlon lane
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indicated that a very‘large propbrtion of vehicles used the space

in this fashion.

Narrow median: The median on the major highway consists of a
barrier or painted lines only. In this case, vehicles did not
often use the space between the two directions of traffic ags a
refuge when making left turns. The widest median encountered in

this category was four ft.

Long acceleration lanes were designated as high or low sténdard. A
precisge definition of what constitutes a high or low standard
acceleration lane was not possible, becauée of the absence of clear
definitions in design standards and also since the distribution of
lengths in the field did not yield a c¢lear distinction. Aan attempt was,
however, made to find long and short acceleration lanes in each category
and to evaluate the differences in rerformance . In some cases, very
short lanes were encountered that were more likely to ke used as pockets
to wait for an opportunity to turn left into the traffic on the far gide
of the intersection. BAs will be discussed later, there is a clear
distinction between the operation of these lanes and others that are

several hundred feet longer.

Ultimately, eighteen sites were videotaped. The location (District,
County & Postmile), type of intersection, acceleration lane type,
intersection type, traffic flow rate and acceleration lane length of

these sites are shown in Table 4.1.



TABLE 4.1 : Intersection Characteristics
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(Classification and District, County & Avg. Bwy Type of FlowRate | Accel Lane | Control | Accel Lane
Intersection Name Postmile of Intersection | Speed (AHS)| Intersection | 1991 ADT {Types-R,L,N| Type Length (ft.)
4-Lane Wide Median
High Standard
Eiverta 3 SAC-99-35.37 70 Fourleg 22,750 R Yield 957
Low Standard
Castro Valtey 4 SCL-101-3.721 65 T 46,500 R Stop 200
High Standard
Elverta 3 SAC-69-35.37 70 Four Lag 22,750 L Stop 600
Low Standard
Tower 4 NAP-29-3.93 &0 T 33,600 L Stop 118
Control Sites
Spence | 5 MON-101-81.03 65 Four Leg 25,500 N Stop e
McCloskey 5 §BT-156-11.94 45 Four Leg 16,400 N Stop i
4-Lane Narrow Median
High Standard
Blackie 5 MON-101-94.28 ‘ 70 Four Leg 44,200 R Stop 600
Low Standard
Summit - NB 4 SCL-17-0.069 ' 70 T 60,700 R Stop 60
High Standard
Black . 4 SCL-17-4.451 70 T 64,300 L Stop 225
Low Standard
Glenwood 4 SCR-17-10.641 70 T 55,600 L Stop 132
Control Sites
Tustin 5 MON-101-96.89 70 FourLeg 48,900 N Stop =
Echo Vaili-.y 5 MON-101-98.69 70 T 48,500 N Stop b
2-Lane -,
High Standard
SR 183 5 MON-1-92.213 70 T 30,300 R Stop 200
Low Standard
Cuttings Wharf' 4 NAP-121-3.04 65 T 20,200 R Stop 127
High Standard
Salinas 5 MON-1-101.04 60 T 30,500 L Stop 216
Low Standard
Moss Landing 5 MON-1-95.81 60 T 30,900 L Stop 76
Control Sites
Bloomfield 4 SCL-132-14.89 60 T 11,400 N Step i




.

It should be noted that in addition to the planned sixteen siteé, two
additional sites were videotaped; one control site in the four-lane wide
median category and one control site in the four-lane narrow median
category. Traffic flow rates encountered during the surveys at the
initial sites were too low to compare with the sites with acceleration

lanes.

It should be noted that it would have been better had it been possible
to use only four-legged intersections instead of having a mix of T-

intersections and four-legged intersections, but a lack of adequate

" sites made this impogsible. The operation of right-turn acceleration

lanes could only marginally be affectegd by through traffic on the minor
road and therefore the mix of the two types of intersections should not
have an appreciable effect on the results. In the case of left-turn
acceleration lanes, the lack of through traffic on the minor road at T-
intersections versus the bresence of through traffic at four-legged
intersections could conceivably make a difference. However, since
observation showed that through traffic acecounted for only a small
portion of the traffic on the minor road, this would not affect the

results significantly.

Because of the difficulty experienced in finding sites, with right turn
acceleration lanes in the four-lane wide median category and that have
high traffic flow rates, Elverta Rd. had to be selected, although it has
yield control. In a strict sense, the operation of this acceleration
lane is not comparable to those that have stop control precedlng the

movement. As will be discusged later, very few vehicles came to a
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complete stop before turning into the right turn acceleration lane
regardless of the stop control. Because of this phencmencn, it was

considered useful to retain this site for comparative purposes.
4.2 Overview of Data Collection

The basic data coilectiop congisted of videotaping traffic operations at
each site for a period of three hours. One video camera was placed in
the pogition which allowed the best observation of the tréffic
opérations in the aqceleration lane and of traffic approaching on the

minor road and stopping at the stop bar.
4.3 Delay Analysis
Definitions

For the purpose of the analysis, gervice delay was defined as the
difference between the time that the vehicle reached the stop bar and
t+he time that the vehicle entered the intersection. It should be noted
that vehicles using acceleration lanes could encounter some additional
delay when entering the main line. This delay was defined as auxiliary

delay. g

It was impossible to measure auxiliary delay precisely for comparison
with intersections without acceleration lanes, since the wvehicles may be
travelling at less than their desired speed before entering the main

iine. In order to determine this delay, the desired speed would have to



be known.
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Consequently, the auxiliary delay was defined as the stopped

time in the acceleration lane.

Data Analysis and Results

The following analyses were carried out:

(2)

(b)

(<)

(d)

(e)

A comparison was made between the delay experienced at
intersections with acceleratioﬁ lanes and those without
atceleration lanes for each category of intersection,
turning movement and acceleration lane standard.

The delay experienced at high standard versus low standard
acceleration lanes for each category of intersection and
turning movement were compared.

The decreases in deléy due to acceleration lanes for right
turn movements versus left turn movements were compared.

A comparison was made of the decreases in delay due to
acceleration lanes by type of highway.

The benefits of acceleration lanes, in terms of the decrease
in delay, were compared with the cost of conatruction and

maintenance.

Subsequent to the analyses, some general observations related to the

acceleration lanes are made regarding the traffic operations at the

intersections. A summary of the more important conclusions is presented

at the end of the chapter.



Anralysis Within Categories

Analysis of the data indicated that no service delay or stopped delay
was experienced by vehicles at the Elverta site. The probable reasons
for this phencmenon could be that there was yield control at this site
and that the lane was long enough to provide the vehicles with the
epportunity to merge without delay. The average service delay for
fifteen minute periods are shown against the corresponding flow rate;
for the remainder of the categories of intersections and acceleration
lénes in Figures 4.1 through 4.11. Weighted average delays are
presented in Table 4.2 and percentage decreases in delay in Table 4.3.
The percentage decrease ;as calculated as thé delay at the contrel site
minus the delay at the site with acceleration lane, divided by the delay
at the control site. The results of the analysis are discussed for each
cafegory of interéection and acceleration lane following the title of

each figure and the intersections considered for each category.

Four-Lane Wide Médian - Right Turn - Low Standard Acceleration
Lane (Figure 4.1):
Castro Valley (with low standard acceleration lane)
Spence (without acceleration lane)

McCloskey (without acceleration lane)

The delay at the Castro Valley intersection is lower than the
delay experienced at the McCloskey intersection. During two
periods, the delay at the McCloskey intersection was significantly

higher than the delay at the Castro Valley intersection. It
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TABLE 4.2 : Average Delay Experienced at Intersections

Classification and Typeof Accel, Lane Accel. Lane (a) Average (b) Average
Intersection Name Intersection Type - RL.N Length (ft) - | ¥low Rate {vph) Delay (sec.)
(Major Highvway)
4-Lane Wide Median
High Standard
Elverta Four Leg R 957 -
Low Standard
Castro Valley T R 200 (1,045) (1.79)
_ Bigh Standard
Elverta Four Leg L 600 1,526 1044
Low Standard
Tower T L 118 2,627 16.16
Control Sites
Spence Four Leg N * 1,506 (852) 10.09 (6.45)
McCloskey Fourleg N * 722 (360) 6.31 (4.83)
4-Lane Narrow Median
High Standard
Blackie Four Leg R 600 (1,541) 2.29)
Low Standard
Summit - NB T R 50 (1,081) (1.20)
High Standard
Black T L 225 4,626 11.21
Low Standard
Glenwood T L 132 3,547 13.35
Control Sites
“|Tustin Four Leg N * 2,215 (1,182) 9.51 (5.05)
Echo Valley T N * 1,930 (1.044) 1231 (5.42)
2-Lane
High Standard
SR 183 T R 200 {605) {0.77)
' Low Standard
Cuttings Wharf’ T R 127 (681) (3.28)
High Standard
Salinas T L 216 2,194 5148
Low Standard
Moss Landing T L 76 1,620 14.13
Control Site
Meld T N * 1.407 (818) 7.13 (12.33)

" (2) One-directionat flow rate shown in parentheses.

{b) Delay for right tums shown in parentheses.

70



TABLE 4.3 : Decrease in Delay Resulting from Acceleration Lanes

71

Average One-or | Decreasein | Decreasein Average One-or
Classification and Accel. Lane | Two- Directional |Average Delay| Average Delay Compared Two- Directional
Intersection Name Length (ff) | Flow Rate (vph) (a)} (sec) (b) %) (b) to Flow Rate (vph) (a)
Major Highway Major Highway
RIGHT TURN
4-Lane Wide Median
Low Standard
Castro Valley 200 {1000) 4.7 72% Spence {900)
3.0 63% McCloskey (400)
4-Lane Narrow Median
High Standard
Blackie 500 (1500} 2.8 55% Tustin (1200)
3.1 58% Echo Valley (1000)
Low Standard
Summit-NB 60 (1100) 39 76% Tustin (1200)
4.2 78% Echo Valley (1000)
2-Lane
High Standard
SR 183 200 (600) 11.6 94% Bloomfield (800)
Low Standard
Cuttings Wharf 127 {700) 9.0 73% Bloomfield (800)
LEFT TURN
4-Lane Wide Median
High Standard
Elverta 600 1500 0.4 -3% Spence 1500
-4.} -65% McCloskey 700
Low Standard
TFower 118 2600 5.1 -650% Spence 1500
-9.9 ~156% McCloskey 700
4-Lane Narrow Median
High Standard
" |Black 225 4500 -1.7 -18% Tustin 2200
1.1 9% Echo Valley 1900
Low Standard
Glenwood 132 3500 3.9 -41% Tustin 2200
-1.1 5% Echo Valley 1900
2-Lane
High Standard
Salinas . 216 2200 444 -£622% Bloomfield 1400
Low Standard
Moss Landing 76 1600 -7.0 98% Bloomfield 1400

a One - Directional flow rate shown in parentheses

b Decreases shown as positive numbers
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should also be noted that the flow rates at the McCloskey
intersection were about one third of those found at the Castro
Valley intersection. Given equal flow rates, the delay at the

McCloskey intersection may be even higher.

The-delay at Spencé intersection, where the flow rates are closer
to those found at McCleskey, was also higher than at the Castro
Valley intersection. 2gain, the delay at the Spence intersection
was significantly higher during three pericds. These three
periods occurred at flow rates in excess of 750 vph for the near

direction of traffic.

The lower delay at the intersection with an acceleration lane,
even. at higher traffic flow rates, indicates that the presence of

the acceleration lane does offer an advantage.

Four-Lane Narrow Median - Right Turn - High Standard Acceleration
Lane (Figure 4.2):

Blackie (with high standard acceleration lane)

Tustin (without acceleration lane)

Echo Valley (without acceleration lane)

The Blackie intersection exhibited lower delay at comparable flow
rates than yoth the Echo Valley and Tustin intersections, with the
exception of one ;nstance, at a high flow rate. There were

periods for both of the intersections, without acceleration lanes,

wherein the delays were much higher than the norm for the two



intersections. There is, however, no clear indication of a

particular flow rate at which this occurs.

Four-Lane Narrow Median - Right Turn - Low Standard Acceleration
Lane (Figufe 4.3):

Summit (with low standard acceleration lane)

Tustin (without acceleration lane)

Echo Valley (without acceleration lane)

73

The delay at the Summit intersection was lower at comparable flow -

rates than the delay at the intersections without acceleration

lanes, which indicates that the acceleration lane is beneficial.

Iwo-Lane - Right Turn - High Standard Acceleration Lane
(Figure 4.4):
SR183 (with high standard acceleration lane)}

Bloomfield (without acceleration lane)

At comparable flow rates, the delay at the SR183 intersection was
consistently lower than at the Bloomfield site. BAgain, the

acceleration lane is beneficial.

Two-Lane - Right Turn - Low Standard Acceleration Lane
(Figure 4.5):
Cuttings Wharf (with low standard acceleration lane)

Bloomfield (without acceleration lane)



The delay at the Cuttings Wharf site was lower than at the

Bloomfield intersection, but at generally lower flow rates. At
comparable flow rates, however, the delay at the cuttings Wharf
site is generally lower, indicating ihat the acceleration lane

decreases delay.

Four-Lane Wide Median - Left Tura - High Standard Acceleration
Lane {(Figure 4.6):

Elverta (with high standard acceleration lane)

MceCloskey (without acceleration lane)

Spence (without acceleration lane)

The delay at the Elverta intersection was higher than the delay at
the Hccloskéy intersection. Since the flow rates at the Elverta
intersection were higher than the flow rates at the McCloskey
intersection, no definite conclusion oh the usefulness of the

acceleration lane can be drawn.

Slightly higher delay was experienced at the Elverta intersection
than at the Spence intersection at comparable flow rates. The
higher delay at the Spence intersection during some periods could,

however, be evidence that the acceleration lane decreases delay.

Four-Lane Wide Median - Left Turn - Low Standard Acceleration Lane

(Figure 4.7):

Tower (with low standard acceleration lane)
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McCloskey {(without acceleration lane)

Spence (without acceleration lane)

The Tower intersection exhibited higher delay than both the Spence
and McCloskey intersections, but at higher flow rates. A
conclusion on the benefit of the acceleration lane is therefore

impogsible.

Four-Lane Narrow Median - Left Turn - High Standard Acceleration
Lane (Figure 4.8):

Black (with high standard acceleration lane)

Tustin (without acceleration iane)

Echo Valley (without acceleration lane)

The site with the acceleration lane exhibits slightly lowér delay
than the Echo Valley site and slightly higher delay than the
Tustin site, but at higher flow rates. In the case of thé Tustin
gite, the delay increases when the mainline flow rate is greater
than 2300 vph. An acceleration lane may be beneficial at this

flow rate.

Four-Lane Narrow Median - Left Turn - Low Standard Acceleration
Lane (Figure 4.9):

Glenwecod (with low standard acceleration lane)

Tustin (without acceleration lane)

Echo Valley (without acceleration lane)



The delay at the Glenwood intersection is slightly higher than the
delay at the Echo Valley intersection and higher than at the

Tustin site, but at higher flow rates.. As in the case of the high
standard acceleration lane, there could be some benefit to having

the acceleration lane, but the indication is not as strong.

Two-Lane - Left Turn - High Standard Acceleration Lane
(Figure 4.10):
Salinas {(with high standard acceleration lane)

Bloomfield (without acceleration lane)

The delay at the Salinas intersection was substantially higher
than at the Bloomfield intersection, but at higher flow rates. No
clear concluéion that the acceleration lane was useful could
thereforerbe drawn. It should be noted, however, that the sight
distance was restricted for vehicles wanting to use the
acceleration lane at the Salinas intersection and this may account

for the long delay.

Two-Lane - Left Turn - Low Standard Acceleration Lane
'(Figure 4.11):
Mogs Landing (with low standard acceleration lane)

Bloomfield (without acceleration lane)

The delay at the Moss Landing intersection was higher than at the

control site, but at generally higher flow rates. This, together

with the fact that a much higher delay was exhibited at the
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Bioomfield intersection during one period, may be an indication
that the acceleration lane could be beneficial. The evidence is,

however, not clear.
Analysis Of Low Versus High Standard Acceleration Lanes

The information shown in Table 4.2 and 4.3 indicate that for right turn
movements, the standard of the acceleration lane did not account for
appreciable differences in the percentage decrease in delay for both the
four-lane narrow median category and the two—lane category. In fact,
the low standard acceleration lanes exhibited larger percentages of
decreases in delay; In the four-lane narrow median categoery, the
through traffic flow rate at the Blackie site was substantially higher
than at the control site, which may account for the relatively poorer
performance of the high standard acceleration lane. Notwithstanding the
results, it should be noted that since the actual values of the delay
are very small, the difference in the performance of the acceleration

lanes are probably not significant.

For left turns, the high standard acceleration lane performed better in
the four-lane categories. The difference in the performanbe of the high
standard and low standard acceleration lanes are greater in the wide
median than in the narrow medién category. A reason for this could
possibly be that the difference in’the lengths of the two acceleration
lanes in the narrow median category is not as great as in the case of
the wide median category. In the two-lane high standard acceleration

lane category, the sight restrictions at the Salinas site for vehicles



wanting to use the acceleration lane, could account for the poorer

performance of the high standard acceleration lane.
Analysis of Right Turn Versus Left Turn Movements

Thé data presented in Table 4.3 indicate that the acceleration lanes.for
left turning vehicles generally led to increases in the delay. The
reason for this is not cbvious. It may be surmised that the drivers uée
the left turn acceleration lane ag a refuge and may stop first before
merging with the through traffic even when it is unnecessary to stop.
Drivers at intersections without acceleration lanes, on the other hand,
generally execute a full turning movement, without stopped delay. This
may lead to less total delay, even if drivers are delayed longer at the
stop bar. .Based on observations of the videotapes, this appears to be a

- possibility.

It should-be noted that the poor performances of the left turn
acceleration lanes at the Elverta and Tower sites could be the result of
much higher through traffic flow rates as compared to the McCloskey
inﬁersection. fthe higher flow rates make it more difficult to execute
the left turn movement. The restricted sight distancé at the Salinas

site could also account for its poor performance.
Comparison of Performance of Acceleration Lanes by Type of Highway

For right turns, in the four-lane narrow and wide median categories, the

percentage decreases shown in Table 4.3 are similar. This is not



surprising, since the width of the median should not influence the right
turn movements, except insofar as an overall higher standard of design
and a consequent higher standard of operation might be expected at

intersections with wide medians.

In the two-lane category, greater benefits may be expected from the
acceleration lanes, since through traffic cannot move to another lane to
create greater cpportunities for merging. The results do not bear this
out, however, since the decreases in delay are comparable to those of
the four-lane cases. The reason for this could possibly be that the
length of the acceleration lanes may not be adequate to decrease the

delay.

In the case of left turns, greater benefits could be expected from the
acceleration lanes in the narrow median category, as opposed to the wide
median category, since turning vehicles cannot use the median for

refuge. The results, however, do not bear out this argument.

As in the case of right turns, greater benefits could be expected for
two-lane highways. Again, the results do not substantiate this
argument. As was discussed before, this could be partly due to the

sight restrictions at the Salinas site.
Economic Considerations

A benefit-cost analysis can be used to determine whether the benefits

derived from the acceleration lanes exceed the cost of constructing and
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maintaining.them. Not all benefits and costs are quantifiable in the
economic analysis of highways. In practice, however, the benefits and
costs are quantifiéd as far as possgible and the results of the economie
analysis are then used together with qualitative measures to make

ultimate decisions regarding the implementation of the proposed project.

In the case of the acceleration lanes, the major benefits would be the
decrease in delay and the reduction in accidents. Decreases in wvehicle
operating costs are usually also included, but this was outside the
scope of this project. The costs include the costs of right of way,

construction and maintenance.

For the purpose of discussion in this section, only the benefit of
reduction in delay was considered. Time savings can be converted to
monetary values by ﬁultiplying with a monetary rate for each hour or
part of an hour saved. The value of time saved depends upon the purpose
and the amount of time saved (18). Also, one minute saved for 60 people

is not considered equal to 60 minutes saved for one person.

The results of the delay analysis indicate that the time saved is very
small, i.e. only a few seconds per vehicle. In terms of only time
saved, it would belhard to make a convincing argument that such a few
geconds have any wvalue. Nevertheless, delay does not only represent
time, but is also a‘pseudohmeasure for aggravation, inconvenience etec.
Based on this argpment, some value could be attached te the time saved.
For the purpose of illustration, an eccnomic analysis was carried out to

illustrate what the effect would be if a value were associated with the



time saved.
The following costs for acceleration lanes were obtained from Caltrans:

Pavement: $§15.00/square ft.

This cost was obtained for both left and right turn acceleratién
lanes. It includes provision for minimal embankment depths (two
to four ft.) for right turns and excavation depths of one to two
ft. For a 12 ft. wide lane this translates to a cost of

$180/lane-ft.

Maintenance: Flexible pavements: $1414/lane-mile ($0.27/lane-ft.)
PCC pavements: §875/lane-mile ($0.17/lane-ft.)

Average costs for right of way was unavailable.

The economic feasibility of an acceleration lane will depend upon the
number of turning vehicles, the decrease in delay, the time value and
the cost. 1In order to demonstrate the calculation, case studies of the

sites in the field were undertaken.

The following assumptions were made:

° Useful project life: 20 years
e Real discount rate: 5 percent
° Only construction and maintenance cost taken into account.
2 The same decreases in delay existed for six hours per day.

This assumption does not have any factual support, but an

gl



actual 24 hour count would provide information on whether
turning and through traffic flow rates comparable to those
experienced during the data coilection exist.

e Only flexible pavements were considered.

° Maintenance costs would remain constant throughout the life
of the project. No major rehabilitation would be undertaken

during the life of the project.

No value for time was assumed. Instead, the value of time at which the

acceleration lane would become economically feasible was calculated.

Left turn acceleration lanes were excluded since they exhibited either
no decreases or only very small decreases in delay. The methodology is
illustrated for the Castro Valley site and a summary of the analysis and

results is presented in Table 4.4.

Castro Valley:

Construction cost = §180 *# 200 $36,000

Bquivalent uniform annual cost = $36,000 * D.08024 = $2,889
Annual maintenance cost = §0.27 * 200 = $54

Total equivalent uniform annual cost = §2,943

Turning flow rate = 84 vph
Total turning wvehicles per year = 84 * 6 * 365 = 183,960

Average decrease in delay = (4.7 + 3.0)/2 = 3.9 sec.

Total delay savings = 183,960 * 3.9 = 717,444 sec = 199.3 hours
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Required time wvalue = §2,943/199.3 = $14.80/veh-hour

The results of the analysis indicate that acceleration lanes shorter
than 200 ft. could be economically justified if a value of less than
$14.80/hour were to be used and attached to travel time savings of_only
a few seconds per wvehicle. It should be noted that the inclusion of

right of way costs would decrease the economic viability.
General Observations

The following general cbservations were made regarding traffic

operations related to turning movements from the cross roads:

(a) - Some drivers caused long delays at intersections with
acceleration lanes due to the fact that they did not appear
to know how to use the acceleration lanes. For instance,
this was the reason for the long delay experienced by right
turning traffic during one period at the Blackie
intersection.

{b) 2 large number of the vehicles did not come to a complete
stop at the stop bar when making right turns into the
acceleration lane, even when high through traffic flow rates
prevailed. This phenomenon will be discussed in a later
section. A few vehicles, making left turns, did not stop at
the stop bar.

{c) At high traffic flow rates, right turning vehicles tended to

use the full length of the acceleration lane before merging.



(d) At sites without acceleration lanes, wvehicles sometimes-used
the shoulder as an acceleration lane when there were few
suitable gaps available for merging from a stopped position.
For example, at the Tustin intersection, some vehicles
travelled up to 200 ft. on the shoulder before merging.

{e) Vehicles making left turns onto highwayg, without
acceleration lanes, very often stop in the median before
merging with the through traffic. This was particularly
true when the through traffic Fflow rate was high. At sites
with low flow rates, e.g. the Echo Valley and McCloskey
intersections, left turn movements generally did not

enceunter problems.

4.4 Merging Characteristics

The primary objective of the analysis was to determine whether the
acceleration lanes had adequate length to allow for comfortable merging.
If merging occurred primarily at the end of the acceleration lane, it

could indicate forced merging in the case of long acceleration lanes.
Data Reduction

The video data were analyzed to determine the distance along the
acceleration lane whers the turning vehicles merged with the mainline
traffic. The merge location is defined as the point where the wheel,
nearest to the through lane, of the merging vehicle, crosses the

dividing line between the acceleration lane and the through lane.
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For the purpose of the analysis, the distances along the acceleration
laﬁe was divided into zones. 3Zone O iz defined as the initial zone,
measured from.the centerline of the c¢ross road to the beginning of the
acceleration lane sktripe. Zéne § ig the distance beyond the
acceleration lane stripe. Zones 1 through 4 are between Zones 0 and 5.
Zohes 0 through 4 are equal in length. The zone definition is

illustrated in Figure 4.12.

Iﬁ the cage of the Elverta site, for the right turn acceleration lane,
+he distance between the centerline of the cross road and the end of the
acceleration lane stripe was divided into five egqual distances and
designated as zones 0 through 4. The reason for this was that a yield
sign controls the right turn movement and the definition of the zones
for the remainder of the intersections could not be followed.

Although the data were analyzed for the different types of
intersecﬁions, the width of the median should not make an appreciable
difference in the four-lane category for right turns, except insofar as
intersections on highways with wide medians could have generally higher
étandards. A difference could, however, exist between four-lane and
two-lane highways. Through vehicles on two-lane highways do not have
ﬁhe option to give way for a vehicle attempting to merge from the
;ccelaration lané, thereby making the merge more difficult and

consequently may regquire a longer acceleration lane.

Duting the videotaping sessicns, it was cbserved that a large number of
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vehicles did not come to a complete stop when turning right into the
acceleration lane. Instead, they executed what may be termed a "rolling
stop”. In order to evaluate this operational phenomenon, an analysis of

the number of vehicles not stopping was undertaken.
Data Analysis and Results
Right Turning Vehicles

The numbers and rercentages of right turning vehicles merging in each
zone are shown in Tables 4.5 through 4.10 for different ranges of
through traffic flow rates. The analysis.was performed for each 15-
minute period. Thisg does not make a difference regarding the number

mefging in_each zone, but does affect the flow rates.

For right turning vehicles on four-lane highways, it appears that the
percéntages of vehicles, merging near the end of the acceleration lane,
are higher for the short acceleration lanes than for the longer
acceleration lanes. From the results it may be concluded that an
acceleration lane longer than 600 ft. allows adequate opportunity for
merging at points along the acceleration lane, whereas merging from the

lanes shorter than 200 ft. occurred primarily at the end.
An analysis of the effect of the through traffic flow rate did not show

a consistent relationship between through traffic flow rate and

percentége merging along the acceleration lane.
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:In the case of the two-lane highways, the percentages merging near the
end of the acceleration lane are approximately egual for the two lengths
studied. One reason for this may be that vehicles in the through
direction cannot change lanes to allow the vehicle to merge. Another
reason may be that the longer lane was not long enough to allow for
comfortable merging. Since the percentage ﬁerging near the end of the
200 ft. long acceleration lane on the two-lane highway (SR183) is higher
than for the 200 ft. long lane on the four-lane highway (Castro Valley),
it may be concluded that acceleration lanes on two-lane highways should

be longer than on four-lane highways at comparable flow rates.
Left Turping Vehicles

The numbers and percentages of left turning vehicles merging in each
zone are shown in Tébles 4.11 through 4.16 for different ranges of
through traffic flow rates. For four-lane wide median highways it
appears that vehicles tended to merge at the end of the acceleratién-
lane for the longer (600 ft.) lane at the Elverta site when the two-
directicnal flow rate exceeded 1560 vph. This could indicate that
drivers may find the merge to the right more difficult to contend with
than a merge to the left (for right turn lanes), at high flow rates. It
may be concluded ﬁhat left turn acceleration lanes should be longer than

right turn acceleration lanes at comparable flow rates.

The same phenomenon was cbserved at the short (118 ft.) acceleration
lane at Tower Reoad above a two-directional flow rate of 2500 wvph.

Because of the short length of the acceleration lane, this result should
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no£ be considered very significant. Observations showed that vehicles
tended to use the short lane primarily as a refuge while they waited for
a suitable gap.

#
Iﬁ the four-lane narrow median categbry, vehicles tended to merge at the
end of the longer (225 ft.) acceleration lane at Black Road. The
percéﬂtage merging at the end increased from 72 percent at a two-
directional flow rate of 3500-4000 to 91 percent at a flow rate of S5000-
5500 vph. At the 132 f£t. acceleration lane at the Glenwood site,
vehicles did not merge predominantly at the end, but also used the

acceleration lane as a refuge.

Left turning vehicles on the two-lane highways merged at the end of the
longer (216 ft.) acceleration lane at the Salinas intersection. This
would indicate that the acceleration lane should be longer than 216 ft.
for comfortable merging. Again, vehicles used the short (76 £t.)
acceleration lane as a refuge and more so than on the four-lane

highways.
" Vehiclem not Stopping

" The results of the analysis of the number of vehicles coming to a
"relling stop" are shown in Table 4.17. The magnitude of these numbers
may indicate that further consideration of this phenomenon may be

warranted.
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4.5 Conflict Analysis

It was intended to carry out a conflict analysis at sites with and
without acceleration lanes. A conflict was defined as follows (for
vehicles either in the acceleration lane or in the through lanes of the

main highway):

(a) A braking maneuver. A braking maneuver was defined as a
visible dipping of the front end of the vehicle or brake
lights coming on.

(b) An evasive maneuver.

The analysis proved to be unsatisfactory, since brake lights coming on
were not always clear on the videotape, nor was dipping of the front end
of the vehicle. Moreover, it was difficult to position the camera in

such a way that the brake lights would be visible.

The results indicated, however, that there are in general few conflicts.
At most sites there were no conflicts and the largest number observed
was three. Thig conclusion was verified in the field during the
videotaping sessions. Conflicts are related to accidents and this
absence of conflicts are not unexpected in view of the few accidents
that could be directly‘attributed to acceleration laneg (see Chapter 5

of this report).

At some sites, however, visual observation indicated that there could be

more conflicts. These sites jincluded the intersections on SR17 and at

104



105
vthe Salinas intersection.
4.6 speed study
The objectives of the speed study weres

{a}) 7o compare the operating speed of the intersections with
acceleration janes to those without acceleration lanes;

(p) T compare the maintenance of speed through the
jntersections with acceleration 1anes to those without
acceleration lanes and

{c) 7o determine the merging speeds to the speeds on the major
highway«

Data collection

A portable radar gun was used to obtain spot gpeeds of traffic on the
major highway, pefore and after the jntersection, and alsc speeds of
traffic turning onto the major highway in the direction of the
acceleration lane. The 1ocations at which the gpeeds were measured

varied depending upon whether an acceleration lane was present.

on highways with acceleration ianes, the speeds of 110 vehicles on the
major highway were measured pefore the intersection and after the merge
point of the acceleration lane. The speeds of at least 20 vehicles were
measured peyond the merge point'of the acceleration lane. At gites

without acceleration lanes, & gimilar procedure was followed, with the
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without acceleration-lanes. AZ might be expected, the average speedsg

decline as the design &peed decreases.
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~

refuge and have teo accelerate from & stopped condition.

The differences in main line and merging gpeeds for gites with
acceleration lanes are presented in Table 4.20 as well as in Figures
4.13 and 4.14. 1In general, the speed differentials are larger than
expected for the.longer acceleration lanes. it could have been expeeted
that the vehicles would have had more opportunity to accelerate pefore

merging.

The speed differentials for two-lane highways are jower than for four-—
iane highways. This may be due to the fact that vehicles on two-lane
highways may have to accelerate more rapidly to merge than oo four-lane
highways where more gaps are availatle due to through vehicles changing
lanes to allow vehicles o merge - 1+ should be noted, however, that the
average speed of the through traffic for two-lane highways is also lower
than in the other categories, which would affect the speed difference.
The design gpeed at the Cuttings wharf site ig also lower than in the
other categories. ohis should iower the operating speed and result in
lower speed'differences. The SR183 site, however, has & 70 mph design
speed and also exhibited a small speed djfferential. 1t may be

concluded that longer acceleration lanes are needed to make acceleration

easier.

For 1eft~turning vehicles, the longer acceleration lanes do appear to
lead to alightly lower speed differentials than is the case for right
turn acceleration tanes, but the differences are not large enough to

lead to @ definitive conclusion. Agains there is some evidence that the
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speed differentials for two-lane highways are lower.

4.7 Level of Service Analysis

The effects of the presence of an acceleration lane were explored. The
determination of the level of service was based on the 1985 Highway
Capacity Manuval (HCM) method for unsignalized intersections found in

Chapter 10 of the HCM.
HCM Methodology

The method employed by the 1985 HCM assumes that major street traffic is
not affected by minor street flows. The HCM defines the levels of
gservice for each minor street approach movement and major street left

turns according to Table 4.21.

The reserve or unused capacity of a lane is the difference of the shared

lane capacity of the lane and the total volume or flow using the lane.

The HCM addresses the addition of an acceleration lane for right turn
vehicles only. The existence of the acceleration lane yields a one
gecond reduction in the basic critical gap for the right turning
vehicles using the acceleration lane. This reduction in criticai gap
size for this movement increases the potential or "ideal" capacity for
the movement. The increase in potential capacity results in an increase
in reserve capacity for the right turning movement and an increase in

reserve capacity for the shared lane if other movements do indeed share
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the approach lane with the right turn mqment. Therefore, an addition of
a right turn acceleration lane increases the reserve capacity and hence
improves the level of service, of the right turn movement and does
likewise for the shared lane, provided other movements share the

approach lane with the right turning vehicles.
1.0S Analysis

To determine the effects of the addition of an acceleration lane,
calculations were performed using the Highway Capacity Software Version
1.5. From preliminary calculations it was determined that with a base
condition, adding an acceleration lane for right turn wvehicles does not
affect the reserve capacity or level of service of any other movement
besides the right turn movement and the shared lane, provided other
movements share the approach lane with the right turning wehicles. All
of the minor streets observed had sinéle lane approaches, therefore all

movements shared the approach with the right turn movement.

Several calculaticons were performed to determine the change in reserve
capacity for the right turning movement and the shared lane when an

acceleration lane was introduced to a location where there previously
was none. It was also desired to determine these changes under a wide

range of potential turning wvolumes that might occur in the field.

As a beginning point, the average of three hours of observed volume

counts were entered for a particular intersection. Then to widen the

range of volumes, holding all other volumes constant, one turn wvolume



c§;nt was doubled at a time and then returned to its base value as the
next volume was doubled,'leaving only one volume differing from its base
volume at a time. In some cases ﬁpere the base volumes were very small,
the base volume was multiplied by ten rather than doubled in order to

create a larger effect.

After the wide matrix of turning volume conditions were created for the
intersection, the level of ser;ice was determined for the condition
without an acceleration lane for any minor right turn movement and then
with an acceleration lane for each minér right turn movement. The
change in reserve capacity from the without case to the with case was
recorded for the minor right turning movement and its shared lane. This
procedure waé carrie& out for four "T" intersections (Echo Valley, BEWY
183, Bloomfield, and Cuttings Wharf) and five four-leg intersections

{Spence, McCloskey, Monte Vina, Elverta, and Blackie).

Results

Defailed results are contained in Appendix B.

For the "T® intersectiéns, with a sample of 31 with acceleration lane
versus withoﬁt acceleration lane cages, there was an average increase in
reserve capacity of 105.6 passenger cars per hour. B2s can be seen from
Table 4.21, an increase of the reserve capacity of 100 vph constitutes
one level of service in¢rease. For the shared lane, the reserve

caﬁacity improved by an average of only 46.2 passenger cars per hour.
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For the four-leg interéections the differgnee between the with versus
without cases, with a sample of 136, had an average increase in reserve
capacity of 134.3 passenger cars per hour. For the shared lane, the
reserve capacity improved by an average of only 6.6 passenger cars per

hour.
4.8 Conclusions

The following major conclusions can be reached for the various analyses

performed:
Acceleration Lanes for Right Turning Vehicles
Operational Analysis

The through traffic flow rates (one-directional) and the lengths

{excluding the taper) of the acceleration lanes studied, are as follows:

Flow Rate Length

(vph) (ft.)
Four-Lane divided . 1000 200
1500 600
1100 60
Two-Lane 600 200
700. 127
Delay Analysig:

1. Acceleration lanes appear to decreagse delay for right turning

vehicles from the cross road. The measured delay consisted of



delay at the.stop bar and stopped delay incurred while attempting
to merge. This was true for intersections in the four-lane as

well as in the two-lane category.

Low standard acceleration lanes exhibited larger percentages of
decrease in delay than the longer acceleration lanes in the four-
lane categofies. In the two-lane category, the high standard

acceleration lane performed better.

118

It could be expected that the performance of acceleration lanes at -

two-lane intersections should be better than those at four-lane
intersectiong, since vehicles at two-lane intersections cannot
move over when vehicles want to merge. The results, however, do

not bear this out.'

An economic analysis indicated that acceleration lanes shorter
than 200 ft. could be econcmically justified, if a value of $14.80
or less were to be'assigned to travel time savings of only a few
seconds per vehicle. It should be noted that the cost of right of
way was not incliuded in the analysis. The only acceleration lane
longer than 200 ft., i.e. one with a length of 600 ft., reguired a

travel time value of approximately $3115.00 per hour.

Merging Analysis

»

On four lane~highways, merging appeared to be comfertable for

acceleraticon lanes longer than 600 ft. (for a through traffic flow
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rate range of 500 - 2500 vph in one direction). Merging did not
appear to be comfortable for acceleration lanes shorter than 200
ft. (for a through traffic flow rate range of 500 - 1500 vph in

one direction}.

2. Acceleration lanes on two-lane highways should be longer than 200
ft. for comfortable merging (for a through traffic flow rate range

of 500 - 1500 vph in one direction).

3. Acceleration lanes should be longer on two-lane highways than on
four-lane highways for comparable through traffic flow rates (500

to 1500 vph range).

4. Vehicles often tended to use the shorter lanes (less than 200 ft.)
as a refuge to wait for a gap, while the longer lanes are utilized

to accelerate in order to merge with the through traffic.

5. A large percentage of vehicles did not come to a complete gtop at
the stop bar when turning right. Instead, they executed what may
be termed a "rolling stop". This phenomenon may warrant further

investigation.

Speeds:

1. The presence of acceleration lanes do not appear to affect the

average speed upstream and downstream from the intersection.



<

2. Longer acceleration lanes do not appear to lead to significantly
lower differences between through and merging speeds. It may be
that the acceleration lanes are not long enough to allow for

adequate acceleration or that drivers do not know how to use them.

3. The differences between through and merging speeds appear to be

lower for twe-lane highways than at four-lane highways.

Level of Service Analysisg:

The addition of an acceleration lane for right turning vehicles

significantly improves operatibns for thig movement but does not have as
great an impact on the shared lane (right turns, left turns and through
movements shared this approach) on the cross road nor on the rest of the

intersection.

' Acteleration Lanes for Left Turning Vehicles

Operational Analysis

The lengths of (excluding taper) and two-directional flow rates at the

acceleration lanes studied are as follows:

Flow Rate Length

(vph) (££.)

Four-Lane divided 1500 600
2600 1i8
4600 225
3500 132

Two-Lane 2200 216

1600 75

120



Delay Analysisg:

Acceleration lanes for left turning wvehicles do not lead to a
significant decrease in delay and is therefore, from this point of

view, not economically justified.

The high standard acceleration lanes performed better than the low

standard lanes in the four-lane categories. In the two-lane

121

category, circumstances at the sites precluded a clear conclusion. '

Greater benefits could he expected from an acceleration lane in
the four-lane narrow median category than in the wide median
category, since vehicles cannot use the median as a refuge. The

results, however, do not bear this out.

Netwithstanding the expectation that greater benefits could be
expected from acceleration lanes on two-~lane highways than on
four-lane highways (since vehicles cannot give way to merging

vehicles), the results did not confirm this expectation.

Merging Analysigs

‘

For left turning vehiclea on four-lane wide median highways, the
required length of acceleration lanes for comfortable merging
appears to be longer than for a right turning acceleration lane.

It appears that the length required for comfortable merging may be



longer than 600 ft. when the two~directional flow rate exceeds 1500 vph.

Vehiclez tended to use the short acceleration lanes (less than 118

ft.) as a refuge.

In the four-lane narrow median category, the acceleration lane
should be longer than 225 ft. to allow for comfortable merging at

flow rates higher than 3500 vph. Vehicles used lanes shorter than

132 ft. as a refuge.
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The length of acceleration lanes for left turning vehicles on two- -

lane highways should be longer than 216 f£t. for comfortable
merging above two-directional flow rates of 1500 vph. The
acceleration lane with a length of 76 ft. was used as a refuge.
Vehicles used the short left turn acceleration lanes meore often as

a refuge to wait for a gap than in the case of right turns.

Speeds:

The presence of acseleration lanes do not appear to affect the

average speed upstream and downstream from the intersection.

Merging speeds from short acceleration lanes for left turning

vehicles appear to be lower than at other acceleration lanes.

TLonger acceleration lanes do not appear to lead to significantly

lower differences between through and merging speeds. It may be
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that the acceleration lanes are not long encugh to allow for

adequate acceleration or that drivers do not know how to use thenm.

The differences between through and merging speeds appear to be

lower for two-lane highways than at four-lane highways.

General Obgervations:

The féllowing general obgservations were made regarding traffic

operations related to turning movements from the cross roads:

Some drivers caused long delays at intersections with acceleration
lanes due to the fact that they did not appear to know how to use

the acceleration lanes.

At high traffic flow rates, right turning vehicles tended to use

the full length of the acceleration lane before merging.

At sites without acceleration lanes, vehicles sometimes used the
shoulder as an acceleration lane when there were few suitable gaps
available for merging from a stopped position. Scme vehicles

travelled up €0 200 ft. on the shoulder before merging.

Vehicles making left turns onkto highways, without acceleration
lanes, very often stop in the median before merging with the
through traffic. This was particularly true when the through

traffic flow rate was high.
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.5. SAFETY ANALYSIS

The possible accident reduction resulting from the presence of an
acceleration lane was studied to determine when an acceleration lane
should ke implemented. For this purpose, the accident rates as well as
the accident costs at sites with acceleration lanes were compared with

the rates and costs at sites without acceleration lanes.

Iﬁitially the analysis was carried out in terms of "avoidable
accidents", i.e. accidents that could be directly attributed to the
turning maneuver. Since very few of these accidents were found, an
additional analysis was carried out. The latter consisted of comparing
the rates and costs of all accidents within the intersection zone that
egcompasses the movements which may be affected by the turning

maneuvers.

In order to determine appropriate lengths of acceleration lanes, the
performance of different lengths of acceleration lanes were evaluated in

terms of accident rates and costs.

The site selection, the approach to the accident analysis, the data
reduction and results of the analysis are described in the following
sections. Finally, conclusions based on the safety analysis are

presented.
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5.1 Site Selection

The site gelection categories are identical to those identified in
Section 4.1. For the purpose of the safety analysis, however, three
sites were selected in each category, bringing the total numbexr of sites

to 48. The site characteristics are shown in Table 5.1.
5.2 Overview of Data Retrieval

The safety analysis was performed using data from the TASAS data base.
The accident reports for the sites were obtained for a three year period

i.e. January 1989 through December 1991.

The accidents, which could be directly connected to the presence or
absence of an acceleration lane, és used in the initial analysis, were

as follows:

Acceleration lanes for vehicles making right turns:

@ Vehicle from the cross road made a right turn.
e Vehicles changed lanes, entered from the shoulder or merged
in the same direction as the acceleration lane within the

section of highway which contained the acceleration lane.

Acceleration lanes for vehicles making left turns:

@ vehicle from the cross road made a left turn.
° Vehicles changed lanes, entered from the shoulder or merged

in the same direction as the acceleration lane within the



" TABLE 5.1 : Intersection Characteristics
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Classification and District, County & Avg. Hwy Typeof |FlowRate | Accel Lane | Control | Accel Lane
Intersection Name Postmile of Intersection | Speed (AHS)| Intersection | 1991 ADT Types-R,L,N| Type | Length(ft)
4-Lane Wide Median
High Standard
Elverta 3 SAC-99-3537 70 Fourleg | 22,750 R Yield 957
Catlett - 3 SUT-95-7.1 &0 Four Leg 19,900 R Yield 485
Espinosa 3 MON-101-R91.90 70 T 44,200 R Yield 465
Low Standard
Castro Valley 4 SCL-101-3.721 65 T 46,500 R Stop 200 |
Ocean 7 VEN-101-40.89 70 T 54,500 R Stop 150
Bay Front 4 §M-84-20.25 . 50 T 22,750 R Stop 216
High Standard
Elverta 3 SAC-99-35.37 70 FourLeg | 22,750 L Stop 600
Catlett 3 SUT-99-7.1 60 Four Leg 14,500 L Stop 600
Bell Cr. 4 SCL-152-28.8 (Approx.) 55 T 19,500 L Stop 257
Low Standard
Tower 4.NAP-29-3.93 60 T 33,600 L Stop 118
Solano 4 NAP-29-16.63 65 Fourleg | 18600 L Stop 7
Qak Knolf | 4 NAP-29-15.581 65 FourLeg | 20250 L Step 60
Control Sites
Spence 5 MON-101-81.03 65 Fourleg | 25,500 N Stop as
McCloskey 5 SBT-156-11.94 65 Four Leg 16,400 N Stop san
Yerba Buenz 5 SLO-1-31.97 65 Four Leg 16,000 N Stop ses




TABLE S.i : Intersecﬁon Characteristics
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Classification and District, County & Avg, Hwy Type of FlowRate | Accel. Lane | Contrel [ Accel Lane
Intersection Name Postmile of Intersection | Speed (AHS)| Intersection | 1991 ADT |Types-R,L,N| Type | Length(f.)
4-Lane Narrow Median
High Standard
Blackie 5 MON-101-94.28 70 Four Leg 44,200 R Stop 6b0
Monte-Vina 4 8CL-174.62 70 Four Leg 64,360 R Free RT 360
Pesarte 5 MON-101-94.50 70 T 44,200 R Stop 413
Low Standard
Summit - NB 4 SCL-17-0.069 70 T 60,700 R Stop 60
Bay Front 4 SM-84-20.25 50 T 28,500 R Stop 216
Summir’- SB 4 SCL-17-0.069 70 T 60,700 R Stop 200
High Standard _
Black 4 SCL-17-4.451 70 T 64,300 L Stop 225
Dunbartor 5 MON-101-100.36 70 Four Leg 48,900 L Stop 350
Messick #1 | 5 MON-101-96.39 70 T 48,900 L Stop 220
Low Standard
Glenwood 4 SCR-17-10.641 70 T 55,600 L Stop 132
Sugar Loaf 4 SCR-17-8.712 60 T 55,600 L Step 100
Glenwood Cutoff 4 SCR-17-5.071 60 T 55,600 L Stop 75
Control Sites
Tustin 5 MON-101-96.89 70 Four Leg 48,200 N Stop i
Echio Valley 5 MON-101-98.69 70 T 48,900 N Stop il
| Crazy Horse 5 MON-101-98.38 70 T 438,900 N Stop i
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Classification and District, County & Avg. Hwy Type of Flow Rate | Accel Lane | Control | Accel. Lane
IntersectionName | Postmile of Intersection | Speed (AHS)| Intersection | 1991 ADT [Types-R,L,N| Type | Length(ft)
2-Lane
High Standard
SR 183 5 MON-1:92.213 70 T 30,800 R Stop 200
Uvas 4 SCL-152-6.366 55 T 5,000 R Stop 300
Los Cammeros 4 NAP-1212.79 65 T 20,200 R Stop 204
Low Standard
Cuttings Whart 4 NAP-1213.04 65 T 20,200 R Stop 127
Nicolaus 3 SUT-99-11.80 60 T 7,500 R Yield 160
Madison 4 NAP29-19.78 55 FourLeg | 16300 R Stop 58
High Standard
Salinas 5 MON-1-101.04 60 T 30,900 L Stop 216
Torero Rd. - 4 MON-68-14.09 70 T 19,700 L Stop 130
Cathedeal Oak 4MON-156-2.37 60 T 22,500 L Stop 155
BitRd 5 MON-68-9.78 70 T 20,600 L Stop 125
Molera Rd. 5 MON-1.94.40 60 T 30,900 L Stop 123
Low Standard
Moss Laniding 5 MON-1-95.81 60 T 30,900 L Stop 7
Jensen 5 MON-1-99.92 60 T 30,900 L Stop 85
Meridian 5 MON-156-4.57 60 T 22,500 L Stop 65
Control Sites
Bloomfield 4 SCL-152-14.89 60 T 11,400 N Stop v
Watsonville 4 SCL-152.5.03 55 T 5,000 N Stop wax
Espincsa 5 MON-183-R7.65 65 T 16,400 N Stop wxn
Fairview 5 SBT-156-R16.536 65 FourLeg | 8600 N Stop *ex
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section of highway which contained the acceleration lane.

For the analysis of all accidents, the feollowing accidents were

included:

Acceleration lanes for wvehicles making right turns:

All accidents in the same direction as the acceleration lane
within the section of highway which conta;ned the
acceleration lane. The section was measured from the
centerline of the cross rocad and for a distance beyond the
end of the acceleration lane stripe (see Figure 5.l1). This
distance was selected so as tb ensure that all accidents
related to the acceleration lane zone were included. Aas
discussed before, the precise ends of the acceleration lanes

were hard to determine.

Acceleration lanes for vehicles making left turns:

All accidents which occurred in the intersection area

between the edges of the cross road plus all accidents in
the same direction as the acceleration lane within the
section of highway which contained the acceleration lane.
The section was measured from the beginning and, as in the
case of the right turn acceleration lanes, a distance beyond

the end of the acceleration lane stripe (see Figure 5.2).

In the case of the control sites (without acceleration lanes), the

lengths over which the accident rates were compared with the sites with



FIGURE 5.1: Area of Accident Data - Right Turn

FIGURE 5. 2- Area of Accident Data - Left Turn
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acceleration lanes, were the same as the length for the sgite with the

acceleration lane.
5.3 Data Apalysis and Results
Accident Rates and Costs

The results of the analysis for the "avoidabler accidents are shown in
Tables 5.2 through 5.11. Tﬁe rates are expressed in accidents rer
million vehicles. The analysis was carried out for all types of
acc;dents and for just injury Plus fatal accidents. No fatal accidents_

were found.

In each case the percentage decrease in accident rate was based on the
comparison between a site with an acceleration lane and the control
gite. The results are considered to be inconclusive because of the low
number of accidents found. For this reason, an accident cost analysis

was not carried out.

Tables 5.12 through 5.21 contain the results of the accident rate
analysis for all accidents in the zones described in the Previous
section. Average accident rates were calculated according to sites
without acceleration lanes and also according to sites with acceleration
lanes. fThese averages are presented in Tables 5.22 through 5.24. 1t
should be noted that the averages are weighted according to vehicle
volume. The results of the accident cost analysis are shown in Tables

© 5.25 through 5.34. Averages are shown in Tables 5.35 through 5,37.
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T;e sites at El;erta, Catlett, Blackie and Montevina were not included
in the averages, since both right and left turn acceleration lanes were
present in the same direction and it was not possible to isolate the
effect of the acceleration lane studied. Notwithstanding this preblenm,
accident reductions at these sites are still indicative of benefits
resulting from the construction of acceleration. lanes.

Th; accident cost for each site with an acceleration lane was calculated
using the caltr#ns values for accident costs applicable to rural areas.

These accident costs are as follows:

Fatal: $782,000
Injury: $19,500
PDO: $3,200

Iﬂwthé following sections, comparisons will be made in terms of
intersection category, left turn versus right turns and type of highway.
Also, the perforﬁénces of different lengths of acceleration lanes were
evaluated in terme of accident rates and costs, followed by an economic

- analyais.
Anaiysis Within Intersection Categories
With few exceptions, the sites with acceleration lanes had lower

accident rates and accident costs per million vehicles. Only the

Pesante (for right turns) and Oak Knoll (for left turns) intersections

le8
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did not vield accident rate and cost reductions. Physical inspection of
the Pesante site indicated that turning vehicles may experience limited

sight distance.

The reduction in rates and costs appear to be comparable for all
categories, with the exception of the four-lane narrow median category
for right turning vehicles. This is probably an aberration, since there
should not be a substantial difference between the operation of
acceleration lanes for right turns in the four-lane wide versus four-

lane narrow median categories.

From the results, the conclusion can be drawn that the acceleration
lanes do provide a safety benefit for all categories.

Analysis of Right Turn Versus Left Turn Movements

The summaries of average accident rates and costs indicate that left
turn acceleration lanes yielded slightly higher decreases than the right
turn acceleration lanes. This appears logical since the left turn
maneﬁver is more dangerous than the right turn movement and the
provision of the acceleration lane, even if jugt used as a refuge,

should have an appreciable effect.
Comparison of Performance of Acceleration Lanes by Type of Highway

Baged on the average accident rates and costs, it appears that the

greatest benefit for right turn acceleration lanes can be cbtained in
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the four-lane wide median category. It should, however, not be much
different from the narrow median category, since the width of median
should not make a big difference. It is noteworthy that the differences
between the design (or average highway) speeds of the sites with
acceleration lanes and the control sites are less for the narrow median

category than for the wide median category.

Greater benefitg appear to be had for the two-lane category than for the
four-lane narrow median category, which appears lcocgical. The lower
benefits as compared to the wide median category is again unexpected.
Based on the absolute value of accident cost reduction per million

vehicles, however,'the two~lane category yielded higher benefits.

In the cage of left turn acceleration lanes, the results appear to

1
follow logic. The two-lane category showed the greatest benefit in
percentage terms and in absolute cost terms, followed by the four-lane

narrow median category.
Accident Rates and Costs Versus Acceleration Lane Length

The accident rates versus acceleration lane length are shown in Figures
5.3 through 5.8 and the cost versus length in Figures 5.9 through 5.14.
For the control sites, the average accident rates and costs are as shown

in Tablesg 5.23, 5.24, 5.35 and 5.36.
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The results show that the accident rates and costs for right turns in
the four-lane category decrease up to a length of at least 465 ft., when
the sites with more than one acceleration lane (Elverta, Catlett,
Montevina and Blackie) are excluded. It is possible that longer lanes
will also yield benefits, if the results obtained for the excluded sites
were also considered. It is noteworthy that the high accident rate and
c¢ost at the fesante site may be due to the fact that the intersection is
at the top of a crest vertical curve. For two-lane highways, benefits

were obtained for a length of up to 300 ft.

In the case of left turns for four-lane highways with a wide median,
benefits can be cobtained by increasing the length to 275 ft., if the
results for the Elverta and Catlett sites were excluded. If the latter
sites were considered, then it maf be concluded that benefits may be

obtained for lanes longer than 275 ft.

In the ﬁour—lape narrow median category, benefits appear to be possible
for lengths up to 350 ft. It is possible that a length beyond 350 ft.,
which is the maximum studied for this project, may be beneficial. It
ghould be noted that the éharp increase in accident rate and cost for

the Glenwood site may be due to limited sight distance.

For two-lane highways, benefits were obtained for a length of up to 216
ft. BAgain, additicnal benefits may be had for acceleration lanes with
1eng£hé greater than those studied. The‘increased accident rate and
cost at the Salinas site may be due to the site being at the top of a

crest vertical curve. Another reason may be that the number of lanes
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is reduced from four to two lanes just prior to the intersection, in the

southbound direction.

It is noteworthy that, although long acceleration lanes yield benefits
over the base condition (no acceleration lanes), the greatest reduction

in accident rates and costs occur in the 100 to 200 ft. range.
Bconomic Analysis

An economic analysis was carried out by calculating a benefit/cost
ratio. The benefits consisted of accident cost reduction. The costs
were determined in terms of construction and maintenance costs in the
same way as calculated in Section 4.3 of this report. The results are
presented in Tables 5.38 and 5.39. The sites where more than one
acceleration lane were present in the same direction were again

eliminated.

From the analysis it can be seen that with the exception of the Pesante,
Oak Knoll and Glenwcod intersections, all sites showed favorable
benefitfcost ratios. This result indicates that, in general, for the
range of lengths and traffic volumes prevailing at the sites,
acceleration lanes yield net benefits. It should be noted that since
right of way costs were not included, the benefit/cost ratio may, in
reality, be smaller. Nevertheless, the magnitude of the calculated
fatios would indicate that the acceleration lanes should yield a net

benefit.



185

"Sa5aIUaTEd U] WAOTS J3qUIn SATIEAAN] 10N

®es 0vs'rs L87T 785°1$ £53% 99518 TL°LESS oFF018 8¢ uosIpey
SL'8 £09'078 £F'1 .wgvfa $SETS 0T'EvS 1601ETS 008'8T8 091 SNBJOJIN
Lo've 630'91$ $9'E LTHTIS 69813 6TFES 6TFESTS 098'728 LT1 JIeg M SFuping
pLupue)§ A0y
STLE s8L'Iss gt 1ZE'STS 100°¢$ 30°$5 I'9p6'7$ 07L'9ES b0z SOIdUIE)) S0
6L'E 0TL91S £0' A PIv'ys 00'188 96'TEEDS 000'%SS 00E SBA[)
£1's 8018 61§ 90528 EP6'TS 00bss $9'888°78 000°9ES 00z €31 ¥S
paepuels usig
k-
61t EIS'EES 6901 SET'ES EFG6'ZS 00'bS3 ¥9'888'78 000'9€S 002 g5~ 1nuung
P18 8L8%TS 69§ 8KS'h8 BLT'ES e85 EL6LI'ES 033°3€$ 917 JuoI] Avg
65'61 96T'LIS 6901 819§ £38% 07918 659583 008°01$ 09 GN-1uung
paepuglg Moy
£Ts (05L°1£%) 018 (1z6°c3) LLO'OY 151118 P0'$96's$ OVE'rLS €Iy Sjuesag
paepue)s 43
UBTPIAL MOJABN U -§
501 0L5TES 69'S 6€2'68 BLI'ES Te'8ss EL'6IT'ES 088'8€S k4 yorg Aegq
S6'€T ¥56'99% $6'6 6TL'os 9%6LTS oeIss 1TVFLTS 00Z'PES 051 uedH
1L £6¥'€9sS £0'8 LO6LS EF6'TS 0SS ¥9'888'C8 000°9€3 002 L3[eA onse)
paepui)g Moy
AT 009'9L3 Lo8 T6v'63 75898 £5'$T1S 60'91L'9% 00L'€8$ soF esourdsg
paepue)s y31H
_ UBIPIA] APIAL SUET-p
oney avnd ARdX YOEd | AIN/BNT avna 150D UOTROAISUO)) 150D ) UOIIISINHU]
o/ jeleg, JOAIN Jo 3500 oy, ANuLnRuey VA uonanysne) | pdury | jo ameN B Aa05e)

ha&.——um = SUBT UOIRIARIIY uan ], u——w_m X0} mmmh_a—_dﬂ NoNNdY 8¢S A THV.L




186

“sasayuaTed U1 UMoYs SIqIUNU oaljRBON [9)ON
65'8L por'sLs LO'8 v1£'68 9568 §e'LIg 138668 00L° 118 $9 UBIpLI
8618 9LeT01S [48T! 0IT'ss 1ST°1$ $6'1T8 LOLITTS 00E's 1S 8 uasuar
95'€I1 786’0718 8111 8SE'11$ SI1'1$ 0TS 89'L60°'1$ 039°C1$ oL SuipueT ssoq

pagpuels Mo]
Le9s 910'201§ £9°01 L6568 018'1$ TA 1$°9LL'1S 0TS €21 [ET
wee 016°09% $6'9 ¥9L'3$ 6818 SL'EES 0b's08'1$ 005228 §21 Pard
17T SLG'E6S L0'8 SHO'11S 18278 S9THS OL'BET'ZS 006°LZ8 61 HEQ fempie)
65°7€ 6€€'T98 prL €438 £16°1$ o1'ses T'LLB'IS 00p'678 i) ‘P 03210,
76'9 $86'178 6€°01 91'zs SLI'ES 2E'858 EL'6T1'ES 083°8€S$ 917 Seules
prepunIs Y3
uery-Z
Li'Le SLY'IHS 6l S¥1'T8 £01°1$ $2°023 ¥TE80°TS 00s'Els SL Joiy poosuaisy
ST ££0'CES Trsl 10418 118 00'LZ$ ZEPHIS 000°81§ 001 Jeo1aedng
£5'0 620°1$ sl £6$ e'ls po'sEs 05'906°'t$ 09L'EES €l pooMudin
pagpuE)s M0y
85°6 LO0'1€8 6691 578'1$ LET'ES o658 05°LLI'ES 009°6¢% 07z T# FOISS0]
£8°€ 0zL's18 891 1L198 051’58 05'b68§ TI'S50°ss 000°c9% 0s€ uopequncy
6L'Tt SEC'TYS SEPT €5L'1S * 0IE'ES 1058 TLGhLES 00§ '0b$ $TT Peg
plepueIS ySiH |
UBIDIIAI MOLIBN JUE]~p
6L'6E- (LZ1%ced) ot'L (906'¥%) €888 0z'91% 6£'098% a08°01% 09 Tows] yeO
P8'61 TIO'IZS 96'0 6108 650'IS #r'61$ 16'680'1$ 096'71% L ouefog
08T oLI'6HS 6E'TI 696'¢S 9EL1S 98'1ES 0ErOL TS ovT LS 311 JaM0],
PIEPUEIS MO']
9'6 16£'9E$ Lo #08's8 18L'ES 6£°698 0611L'%S "09T'9pS 15T D ied
_ _ paepue)s yAy
i UBIPITAL APIA UB'T-p
oney aVNH (18X YRl | ANINA LTS 150D UGTINISUC) 150D 0 UO1IIEIIIUY
“0jd 1e301, JOAW- | J1s0) oL UEHAUIRIAL- ovna H01INIEN0)) P8uyy | -Jo oweN » Liodoe)

bvhﬂm = SAURT HOPLRPIIY WINg, 9] 10) m_wh—ﬂ=< AUIoU0Y :6€°S ATAV.L



5.4

187

Conclusions

The characteristics of the acceleration lanes studied and the major

conclusions reached, are summarized below:

ADT Length
{through traffic) C{EE.)
Right Turn Lanes
Four-Lane Highways 19,900 to 64,300 60 to 957
Two-Lane Highways 5,000 to 30,800 58 to 300
Left Turn Lanes
Four~Lane Highways 14,500 to 64,300 60 to 600
Two-Lane Highways 19,700 to 30,900 65 to 216

Left turn acceleration lanes yieldea slightly higher decreases in
accident rates and costs than right turn acceleration lanes.
Based on absolute cost (as opposed to cost per million vehicles),
right turn acceleration lanes performed better on two-lane roads

than on four-lane reoads.

For left turns, acceleration lanes on two-lane highways performed
better than on four-lane highways, followed by the four-lane

narrow median category.

The greatest reduction in accident rates and costs occurred for
lengths up to approximately 200 ft. Benefits were also found for
lengths of 957 ft. for right turns and up to 600 ft. for left
turns. It may alsc be speculated that benefits could be obtained

for lengths greater than the latter.



It appears that the acceleration lanes studied are eccnomically
justified, given a reasonable assumption for discount rate and
service life. The cost of right of way was not included. It
should be noted that the combination of through traffic and
tﬁrning traffic volume should be a factor, but these data were not
available for all the sites studied during the safety analysis.

It may be concluded, however, that the acceleration lanes would be
justified for'typical combinationg of through and turning traffic
volumes encountered at these types of intersections. The lowest
combinations of through and turning traffic volumes which yielded-

a favorahle benefit/cost ratio were as follows:

ADT Turning Flow
Rates (vph)
Right Turn Lanes
Four-Lane Highways 46,500 84
Two-Lane Highways 20,200 69
Left Turn Lanes
Four-Lane Highways
Wide Median 33,600 38
Narrow Median §5,600 17

Two-Lane Highways 30,900 49
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.6. SUMMARY OF MAJOR CONCLUSIONS

The characteristics of the acceleration lanes studied and the major
conclusions reached for each type of analysis are summarized below.
Also, scme additional conclusions are drawn, based on the combination of
the conclusions reached from the analysis and the review of existing

practice.
6.1 Operational Analysis
Acceleration Lanes for Right Turning Vehicles

The flow rates (one—directionél) and the lengths of acceleration lanes

studied, are as follows:

Flow_Rate Length

(vph) {ft.)
Four-Lane divided 1000 200
1500 600
1100 60
Two-Lane - 800 200
700 127

The merging characteristics and speeds at an acceleration lane with a

length of 957 ft. was also studied. All cross roads had two lanes.

Delay Analvgig:

1. Acceleration lanes appear to decrease delay for right turning

vehicles from the cross road. The measured delay consisted of
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delay at the stop bar and stopped delay incurred while attempting
to merge. This was true for intersections in the four-lane as
well as in the two-lane category.

!
Low standard acceleration lanes exhibited larger percentages of
decrease in delay than the longer acceleration lanes in the four-
lane categories. In the two-lane category, the high standard

acceleration lane performed better.

It could be expected that the ?erformance of acceleration lanes at .
two-lane intersections should be hetter than those at four-lane
intersections, qince veyicles at two-lane intersections cannot

move over when vehicles want to merge. The results, however, do

not bear this out;

An economic analysis indicated that acceleration lanes shorter
than 200 ft. could be economically justified, if a value of $14.80
or less were to be assigned to travel time savings of only a few
seconds per vehicle. It should be noted that the cost of right of
way was not included in the analysis. The only acceleration lane
longer than 200 ft., i.e. one with a length of 600 ft., required a

travel time value of approximately $115.00 per hour.

Merging Analysis

1.

On four lane-highways, merging appeared to be comfortable for

acceleration lanes longer than 600 ft. (for a through traffic flow
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rate range of 500 - 2500 ﬁph in one direction). Merging did not
appear to be comfortable for acceleration lanes shorter than 200
ft. (for a through traffic flow rate range of 500 - 1500 wvph in

one direction).

2, Acceleration lanes on two-lane highways should be longer than 200
ft. for comfortable merging (for a through traffic flow rate range

of 500 - 1500 vph in one direction).

3. Acceleration lanes should be longer on two-lane highways than on
four-lane highways for comparable through traffic flow rates (500

to 1500 vph range).

4, Vehigle: often tended to use the shorter lanes (less than 200 ft.)
as a refuge to wait for a gap, while the longer lanes are utilized

to accelerate in order to merge with the through traffic.

5. A large percentage of vehicles did not come to a complete stop at
the stop bar when turning right. Instead, they executed what may
be termed a "rolling stop”. This phenomenon may warrant further

investigation.

Speeds:

1. The presence of acceleration lanes do not appear to affect the

average speed upstream and downstream from the intersection.



2. Longer acceleration lanes do not appear to lead to significantly
lower differences between through and merging speeds. It may be
that the acceleration lanes are not long enough to allow for

adegquate acceleration or that drivers do not know how to use them.

3. The differences between through and merging speeds appear to be

lower for two-lane highways than at four-lane highways.

Level of Service Analxsis:

The addition of an acceleraticn lane for right turning vehicles

significantly improves operatiocns for this movement but does not have as
great an impact on the shared lane (right turns, left turns and through
movemepts shared this approach) on the cross road nor on thé rest of the

" intersection.
" Acceleration Lanes for Left Turning Vehicles
The lengths of (excluding tapers) and two-directional flow rates at the

acceleration lanes studied are as follows:

Flow Rate Length

(vph) (£L.)
Four-Lane divided 1500 600
2600 118
4600 225
3500 132
Two-Lane 2200 216

1600 76
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Delay Analysig:

Acceleration lanes for left turning vehicles do not lead to a

significant decrease in delay and is therefore, from this paint of

view, not economically justified.

The high standard acceleration lanes performed better than the low

.standard lanes in the four-—lane category. In the two-lane

category, circumstances at the sites precluded a clear conclusieon.

Greater benefits could be expected from an acceleration lane in
the four-lane narrow median category than in the wide median
category, since vehicles cannot use the wedian as a refuge. The

results, however, do not bear this out.

Notwithstanding the expectation that greater benefits could be
expected from acceleration lanes on two-lane highways than on
four-lane highways (since vehicles cannot give way to merging

vehicles), the results did not confirm this expectation.

Merging Analvsais:

For left turning vehicles on four-lane wide median highways, the
regquired length of acceleration lanes for comfortable merging
appears to be longer than for a right turn acceleration lane. Tt
appears that the length required for comfortable merging may be

longer than 600 ft. when the two-directional flow rate exceeded

‘
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1500 vph. Vehicles tended to use the short acceleration lanes

(less than 118 ft.) as a refuge.

2. In the four-lane narrow median category, the acceleration lane
should be longer than 225 ft. to allow for comfortable merging at
flow rates higher than 3500 vph. Vehicles used lanes shorter fhan

132 ft. as a refuge.

3. The length of acceleration lanes for left turning vehicles on two-
lane highways should be longer than 216 ft. for comfortable
merging above two-directional flow rates of 1500 vph. The

acceleration lane with a length of 76 ft. was used as a refuge.

4. vehigles used the short left turn acceleration lanes more often as

a refuge to wait for a gap than in the case of right turns.

Speedg:

i. The presence of acceleration lanes do not appear to affect the

average speed upstream and downstream from the intersection.

2. Merging speeds from short acceleration lanes for left turning

vehicles appear to be lower than at other acceleration lanes.

3. Longer acceleration lanes do not appear to lead to significantly
lower differences between through and merging speeds. it may be

that the acceleration lanes are not long enough to allow for

i94
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adequate acceleration or that drivers do not know how to use them.

The differences between through and merging speeds appear to be

lower for two-lane highways than at four-lane highways.

General Observationsg:

The following general observations were made regarding traffic

operations related to turning movements from the ¢ross roads:

Some drivers caused long delays at intersections with acceleration
lanes due to the fact that they did not appear to know how to use

v

the acceleration lanes.
At high traffic flow rafes, right turning vehicles tended to use

the full length of the acceleration lane before merging.

At sites without acceleration lanes, vehicles sometimes used the
shoulder as an acceleration lane when there were few suitable gaps
available for merging from a stopped position. Some vehicles

travelled up to 200 ft. on the shoulder befeore merging.

Vehicles making left turns onto highways, without acceleration
lanes, very often stop in the median before merging with the
through traffic. This was particularly true when the through

traffic flow rate was high.
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6.2 Safety Analysis

The characteristics of the acceleration lanes studied were as follows:

ADT Length
(through traffic) {ft.)
Right Turn Lanes
Four-Lane Highways 19,900 to 64,300 60 to 957
Two-Lane Highways ' 5,000 to 30,800 58 to 300
Left Turn Lanes
Four-Lane Highways 14,500 tec 64,300 60 to 600
Two-Lane Highways 19,700 to 30,900 65 to 216
1. Left turn acceleration lanes yielded slightly higher decreases in

accident rates and costs than right turn acceleration lanes.

2. Based on absolute cost (as opposed to cost per million wvehicles),
right turn acceleration lanes performed better on two-lane roads

than on four-lane roads.

3. For left turns, acceleration lanes on two-lane highways performed

better than on four-lane highways, followed by the four-lane

narrow median category.

4. The greatest reduction in accident rates and costs occurred for
lengths up to approximately 200 ft. Benefits were also found for
lengths of 957 ft. for right turns and up to 600 ft. for left
turns. It may also be speculated that benefits could be obtained

for lengths greater than the latter. .

s



It appears that the acceleration lanes studied are economically
justified, inen a reasonable assumption for discount rate” and
service life. BA real (excluding inflation) discount rate of five
percent was used. The cost of right of way was not included. It
should be noted that the combination of through traffic and
turning traffic volume sﬁou;d be a factor, but these data were not
available for all the sites studied during the safety analysis.

It may be concluded, however, that the acceleration lanes would be

justified for typical combinations of through and turning traffic

volumes encountered at these types of intersections. The lowest

combinations of through and turning traffic volumes which yielded

a favorable benefit/cost ratio were as follows:

ADT Turning Flow
_ Rates (vph)
Right Turn Lanes
Four-Lane Highways 46,500 84
Two-Lane Highways 20,200 69
Left Turn Lanes
Four-Lane Highways
Wide Median 33,600 38
Narrow Median 55,600 17
Two-Lane Highways 30,900 49

*
The discount rate is similar to the interest rate except that an

interest rate is usually narrowly defined as a contractual arrangement

between a borrower and a lender, whereas a discount rate represents the

real change in value to a person or group as determined by their

possibilities for productive use of resources.
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These turning flow rates are in the same range as those used by the
State of Colorado, but the through traffic volumes are higher than the
Colorado guidelines (see Figure 3.2). It should be pointed ocut that it
is possible that sites with lower through traffic volumes, than those

studied, could alsoc be economically feasible.
6.3 Additional Conclusions

From the conclusions presented above, it appears that acceleration lanes
would be justified if right of way costs are not prohibitive. Regarding
the appropriate length, it appears that lengths of approximately up to
200 ft. are adequate to provide a refuge for merging vehicles where they
can wait for an appropriate gap. Longer lanes of up to 465 ft. for
right turn lanes and up to 257 ft. for left turn lanes proved to be
economically Jjustified. To allowkfor comfortable merging (when vehiclés
would be able to accelerate to speeds close to that of the through

traffic), lanes which are longer than 600 ft. would be necessary.

From the review of existing practice, it was found that the width of
acceleration lanes should p'referably be 12 ft. and not less than 10 ft.
No evidence was found that other than existing practice for the design

of the shoulder and taper should be followed.
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GUIDELINES FOR IMPLEMENTATION

The suggested guidelines presented below were based on the foregoing

analysis and conclusions. In order to arrive at guidelines, the factors

which were taken into account are listed in order of priority:

(1) Indications of potentially hazardous locations.
(2) BEconomic consideraticns.

(3) Cbhserved ease of operation.

The proposed guidelines are as follows:

An economic analysis, similar to the analysis presented in the
section on "Safety Analysis", should be carried out to determine
whether the acceleration lane is feasible. The benefits should
consist of the reduction of accidents. The reduction factors
should correspond as closely as possible to the factors determined
for each type and length of acceleration lane as well as the range
of traffic flow rates, as determined in the "Safety Analysis"
section. Construction, maintenance and right of way costs should
be included. It should be noted, however, that other
considerations, such as comfort‘and convenience, cannot be
enumerated in the economic analysis and could also be taken into
account in the evaluation of whether an acceleration lane should
be considered. It was found that the acceleration lanes were
feasible above the following combinations of traffic volume and

turning flow rates from the cross road:
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ADT . Turning Flow
Rates (vph)
Right Turn Lanes
Four-Lane Highways 46,500 84
Two-Lane Highways 20,200 69
Left Turn Lanes
Four-Lane Highways
Wide Median 33,600 38
Narrow Median 55,600 17
Two-Lane Highways 30,900 43

Az a starting point, an attempt should be made to make the full
length of acceleration lane (not including the taper) longer than
600 ft. Table 3.1 can be used ag a guide to determine the initial
length. ’Grade adjustments could be made according to Table 3.2.
It should be noted that acceleration lanes less than 600 ft. in
léngth have not been found to allow for comfortable merging but do
allow vehicles to wait for a suitabie gap. It should be noted
that acceleration lanes with lengths of less than 200 ft. proved

to be beneficial.

Lane widths should preferably be 12 ft. and not less than 10 ft.

Current practice for the design of shoulders and tapers should be

followed.
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8. RECOMMENDATIONS
Recommendations for future study are as follows:

1. In view of the fact that it was found that comfortable merging
does not occur for the range of lengths of acceleration lanes
studied, it is recommended that a safety analysis be conducted to
determine the economic feasibility of longer acceleration lanes

should they be constructed.

2. Additional research should be considered to determine the minimum
turning flow rates necessary to jﬁstify implementation of

acceleration lanes.

3. Consideration should be given to the phenomenon of vehicles
executing a "rolling stop" when turning right into an acceleration

lane.
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.APPENDIX A - Example Intersection Layouts Obtained from New Eampshire
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useg a numbering éystem for turning movements., popr a typical four-leg

intersection, there are three movements per leg for a total of twelve
novementsg, indicated by vi through viz, The movements are numbered
counter-clockwise starting with the left turns from the major roaq,
Follqwing this Pattern, the right turns-from_the minor rpad would be

numbered v9 apng vl2. These humberg are not, for the Purposes of thig

For example, "Bage w/o (ri)n indicates the base condition volumes which

are being tested (Basa), without right-turn acceleration lane for the

208



209

minor street (w/o), and the resulting reserve capacity is for the right
turn movement (rt). It was determined that for a four-leg intersection,
the reserve capacity of one right turn movement from the minor road was
independent of the reserve capacity of the right turning movement from
the minor street on the opposite approach. Therefore, the without
acceleration lane calculations for both opposing approaches were
performed simultaneously. Similarly, the with acceleration lane

calculations were performed simultaneously for both opposing approaches.

The "w/" symbol indicates that acceleration lanes are present for both -
right turn movements from the minor road opposing legs, where both legs
exist or just the one in the case of T-intersections. The symbol (sh)
indicates that the displayed reserve capacity is for the shared lane
approach, not the right turn movement alone. The symbols other than the
"Base" cases, such as "2v2", indicate the factor by which the indicated
volume has been increased. 2as above, "2v2" indicates that v2 has been
doubled. Only one subject volume is changed at a time, and this volume
will be the only volume differing from its base condition at that time.
Bach volume case will have four reserve capacities indicated: without
acceleration lane for the right turning movement ("w/o {rt)"), without
acceleration lane for the shared lane ("w/o (;h)“), with acceleration
lane for the right turning movement ("w/ (rt})}"), with acceleration lane

for the shared lane ("w/ (sh)").

The shared lane capacity can be converted into the level of service

categories as shown on Table 4.21 in section 4.7 of this document.



FIGURE B.1: Effect of Right Turn Acceleration Lane on Reserve Capacity
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Effect of Right Turn Acceleration Lane on Reserve Capac

4 NAP-121-3.04 ("T" Intersection)

3
.

Cuttings Wharf:

SRR

SRR (4s) A GAT

() 14 6AT
() ers 6AT
() o/ SAT
() A LAT
GO /8 LAT
(us) oy LAT
() o LAT
(95) /8 SAT
(30) AT
() o/ eAT
U Oy SAT
(s} i FAT
) /MPAT
() orarat
(G0 0B YA
(gs) /2 EAOT
@) m €A01
(s} o/ €401
() o/ £ADT
(Us) /M EAT
(D EAT
(4s) o EAT
() oy EAT
(4s) P TAT
M) /MTAT

{us) /M TAT

() oaTAT

(s} 9529
() pa g
(us) opmaseg

() oymoseR

450

400
5
0
5

(3 ™ o« o - —
fnoede;) sa1asTy aue] PATEUS 30 umy WETE

V9=70. Right Lane With Possible

Vi=0; V2=681; V3=3; V4=46; V5=618; V6=0; V7=T, V8=0,

.

Base Case Volumes

Acceleration Lane=V9.

211



on Lane on Reserve Capac

FIGURE B.3: Effect of Right Turn Accelerati

4 SCL-152-14.89 ™ Intersection)
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FIGURE B.S: Effect of Right Turn Acceleration Lane on Reserve Capaci

3 SAC-99-35.37 ("4 leg" Intersection)
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FIGURE B.10: Effect of Right Turn Acceleration Lane on Reserve Capaci

4 SCL-17-4.62 ("4 leg" Intersection)
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FIGURE B.12: Effect of Right Turn Acceleration Lane on Reserve Capaci
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FIGURE B.13: Effect of Right Turn Acceleration Lane on Reserve Capaci

(W} om fAT
{g) pmsveg
(41) i 3529
s} opassvg
() oy preg

o
o

fuoede) aatasay sueT pareys 1o wing, 1Sng

100

VI12=42,

1

V9=20; V10=17; V11=

1

V6=22; V1=22; V8=

; V5=1541;

V2=1006; V3=9; V4=14

Right Lane With Possible Acceleration Lane=V12.

V1=55;

4

Base Case Volumes



